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Manual  contains  ret6ranca  tafci.es  according  to  the  calculation  cf 
electric  systems  by  voltage  tc  10  kv  inclusively  according  to  the 
conditions  of  heating,  permissible  losses  of  voltage  and  economic 
current  density.  Are  given  data  cn  questions  cf  the  control  cf 
voltage  and  compensation  tor  reactive  power  in  distribution  networks. 

Manual  is  designed  for  the  technical-engineering  personnel,  who 
works  according  to  the  design  of  industrial  and  public-service 
electric  systems,  and  can  serve  as  textbook  fcr  the  electricians  and 
the  electricians,  occupied  during  mcuntitg  and  operation  of 
electrical  networks. 

Pages  3-4. 

No  typing. 
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Section  One 

GENERAL  INFORMATION. 

1-1.  The  conventional  designations  and  auxiliary  tables. 

Units  measurement. 

From  1  January,  1963,  operates  GOST  9867-61,  which  establishes 
the  use/application  of  tha  international  system  cf  the  units  cf  SI, 
fundamental  units  of  which  are  meter,  kilogram  (unit  of  mass), 
second,  ampere,  degree  Kelvin  and  candle. 

The  international  system  cf  units  must  be  used  as  preferable  in 
all  regions  of  science,  tachnclcgy  and  national  economy,  and  also 
with  the  teaching. 

Table  1-1  gives  most  commonly  used  units  measurement. 

For  the  units  the  measurements,  not  entering  the  international 
system  of  SI,  are  given  the  value  cf  the  conversion  factors: 
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X 

1  kW«h=3. 6«  10*  -*f=3.o  HJ; 

1  kg*m=9, 80668  J  (bitn  taa  rounding  9.8  1  J)  ; 

1  kcal=4186.8  J  (with  chc  rcurding  4.  19C  J)  ; 

/•K-<*C+273,I5. 

where  t°K  -  temperature  in  the  degrees  Kelvin; 

t°C  -  temperature  ir  centigrades  (Centigrade  scale). 

Designations  mathematical. 

>  -  it  is  more; 

>  -  more  or  is  equal  te; 

<  -  it  is  less; 

4  -  less  than  or  equal  tc; 


from  to; 
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-  -  approximately ; 


*  -  is  approximately  e^ual  to 


-  -  the  infinite  value; 


2  -  arithmetical  sub. 
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Table  1-1.  Onits  are  measurement. 
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Key:  (1).  Designation.  (2).  Designations.  (3).  measures  of  mass.  (4) 
Joule.  (5).  J.  (6).  Grams.  (7).  g.  (8).  Kile  joule.  (9).  kJ.  (10). 
Kilograms.  (11).  kg.  (12).  Megajcule.  (13).  KJ.  (14).  Ton.  (15). 
Electrical  units.  (16).  Linear  measures.  (17).  Amperes.  (13).  A. 
(19).  Kiloamperes.  (20).  kA.  (21).  Meter.  (22).  Volts.  (23).  in. 
(24).  Millimeter.  (25).  Centiaetei.  (26).  Kilovolts.  (27).  kV.  (28). 
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Kilometer.  (29).  Batts.  (30).  ».  (31).  Kilowatts.  (32).  k«.  (33). 

Surface  measures.  (34).  Megawatts.  (35).  MB .  (36).  Voltamperes.  (37) 

VA.  (38).  Square  meter.  (39).  Kilcvolt-amper es .  (40).  kVA.  (41). 

Square  millimeter.  (42).  Megavclt-amperes.  (43).  MV  A.  (44).  Ohms. 
(45).  Volume  measures.  (46).  Magonas.  (47).  MC.  (48).  Cubic  meter. 
(49).  Voltamperes  (reactive/ jet^  (50).  pitcb/var.  (51).  Cubic 
millimeter.  (52)  .  Kilovars.  (53)  .  kilovar.  (54)  .  Measures  cf  time. 
(55).  Megavolt-amperes  (reactive/ jet .)  (56).  Hvar.  (57).  Second.  (58) 
s.  (59).  Hertz.  (60).  Hz.  (61).  Minute.  (62).  min.  (63).  Hour.  (64). 
h.  (65).  Measures  of  temperature.  (66).  Measures  of  energy.  (67). 
Centigrade.  (68).  Kilowatt-hours.  (69) .  kS»h.  (7 C) .  Degree  Kelvin. 
(71).  Kilogrammeter.  (72).  kg*a. 


FAG  £ 


d 


actions  cf 


til jcncuetric  values. 


cos* 


1 

5.90 

3.98 

0.97 

0.96 

0.95 

0,94 

0.93 


0.84 

0.83 

0.82 

0,31 

0.80 

0.79 

0.78" 

0,77" 

0.76 

0.75 

0,74 

0.73 

0.72 

0.71 


•In  * 

<f  f 

|  «. 

sin  « 

tg  ? 

0 

0 

0.92 

0.392 

0.426 

0.141 

0.143 

0,91 

0,415 

0,456 

0,199 

0.203 

0.90 

0,436 

0,484 

0.243 

0,251 

0,89 

0,456 

0,512 

0.280 

0.292 

0.83 

0,475 

0.540 

0,312 

0,329 

0.87 

0.493 

0,567 

0.341 

0,363 

0.86 

0.510 

0.593 

0,368 

0.395 

0.85 

0,527 

0.620 

0.543 

0.646 

0.69 

0.724 

1.049 

0.558 

0.672 

.  0.68 

0.733 

1.078 

0,572 

0.698 

0.67 

0,742 

1.108 

0,586 

0,724 

0,66 

0,751 

1.138 

0.600 

0.750 

0.65 

0.759 

1.168 

0.613 

0,776 

0.64 

0.768 

1.201 

0.626 

0,802 

0.63 

0.776 

1 .233 

0,638 

0,828 

0.62 

0,785 

1 .266 

0.855 

0.61 

0.792 

1.299 

0,661 

0,882 

0.60 

0.800. 

1.333 

0.673 

0.909 

0.55 

0.835 

1.518 

0,683 

0,936 

0.50 

0.866 

1.732 

0.694 

0.963 

0.45 

0.893 

1.990 

0.704 

0.990 

0.40 

0.916 

2.290 

0.714 

1.020 

0,35 

0.936 

2,300 

DOC  =  80040301 


E  AGJs 


3 


Page  7. 

Tabl*  1-3.  Designations  conditional  graphic  for  tha  elactrical 
circuits  (GOST  7624-62  iiitn  cnangc  No  1)  . 


fn- 

mcvDtnM 

J2) 

Ottos mtuc 

Toi^octORBiOih.  HanpxMeBKe  aoctonHHoe 

.  i 

(V 

Tor  nepeMeHHbift.  Hanpaxeaiie  fiepeueaBoe, 

OOiuee  odojaaqeHHe 

Toi?nepeneaHuft  TpejtpaaHuB  SO 

(*U 

Hyjteaaa  jihbhb  (aeflTpaab).  HonycxaercB  By- 

(tmj 

J  50  tK 

aeayn  Ttxnty  oik>3Haaan>  aaaxoH  «0» 

isr 

•&JH  ceiR  rpex4>aaaoro  tob» 

W.C 

Kay:  (1).  Designation.  (2).  Designation.  (3).  Current  (permanent. 
Voltage  constant.  (4).  Current  (variable/alternating.  Voltage  is  the 
variable/alternating,  general  designation.  (5).  Current 
variable/alternating  three-phase  5C  Hz.  (6).  Ez.  (7).  Zero  line 
(neutral).  It  is  allcwed/assuaed  zero  point  tc  designate  by  sign  "0". 
(8) .  Phases  of  network/grid  cf  three-phase  current. 
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Continuation  'table  1-3. 
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Key:  (1)  .  Designation. 


(2).  Dasignation.  (3).  Polarity  negative.  (4) 
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Polarity  positive.  (5) .  Grcurdirg.  (6) .  Direction  of  transmission  of 
currant,  signal  or  anergj  flow.  (7).  Connection  electrical  metallic, 
split  and  nondetachafcle .  General  designation.  (8).  Ncta.  In  the 
diagrams  of  powering  fcr  tne  image  of  split  and  permanent  connections 
it  is  allowed/assumed  tc  utilize  the  following  designation.  (9)  . 
Element/cell  (heating.)  (10).  Besistor/resistarce  for  diagrams  of 
aquivalant  ones  and  replacement  schemes.  (11).  active.  (12). 
react ive/ jet.  (13).  coirplata.  (14).  inductive. 
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Continuation  *^able  1-3. 
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Key:  (1).  Designation.  (2).  Designation.  (3).  capacitive.  (4) 


Line 
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cf  electric  coupling.  General  designation.  (5).  Unilinear.  (6). 
Multilinear.  (7) .  Circuit  of  two,  three  and  n  of  lines  of  electric 
coupling.  (8)  .  Line  cf  electric  coupling  of  three-phase  systea  with 
zero  line.  (9).  Note.  Zero  line  and  lines  of  phases  it  is  permitted 
to  distinguish  by  thicknesses.  (10).  Lines  cf  electric  coupling  which 
intersect,  electrically.net  connected.  (11).  lines  cf  electric 
coupling  which  intersect,  electrically  connected.  (12).  Branching  cf 
cne  lina  of  electric  coupling. 
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Continuation  '{'able  1-3. 
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Key:  (1)  .  Designation.  (2)  .  Designation.  (3)  .  Merging/coalescence  and 
branching  off  of  lines  cf  electric  coupling.  (4).  Note.  It  is 
allowed/assumed  to  depict  mergirg/coalescence  and  branching  cff  of 
the  lines  of  electric  coupling  at  angle  cf  45°.  (5) .  Clutches  cable: 

end,  coupling,  for  one  branching.  (6).  Damage  tc  insulation:  between 
lines  of  electric  couplirg,  tc  the  earth,  tc  bousing.  (7).  Machine 
rotating.  General  designation.  (6).  Transformer.  General  designation. 
(9).  Battery  from  galvanic  or  storage  cells.  (10).  Safety  device/fuse 
(fusible.)  General  desiccation.  (11).  Switches.  (12).  single-pole. 

(13).  four-terminal. 
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Continuation  ^able 


1-3. 
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BHKjinqaTeAb  Bucoxoro  aaapaw.6HHa  Tpex- 
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$ 
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II  p  a  net  a  a  h  e.  B  cxeuax  ajieinpo- 
cnabacetnia  Aonycxaerca  bmco  o.ibTiiwA 
•BWJMMaTeah  H3o6paxaTi>,  xax  juasaao 

i 

. 

(») 

OOmotxb  peJie,  xoBrarropa  a  aar hhthoto 
nycxaieju.  flonycxaerca  apHixeHsn.  c-ie- 
Myoauu  ofioaaaqeaua: 

$ 

_  Ci*) 

OdMonca  pcae  roaoaa*  noc.ieAOBne.ikHi* 

Ctx) 

ObMoraa  pane  aanpaxeaaa  aapajintribaaa 

Oba&ilw  aoaraKTopa  a  aaraaTHoro  nycxa- 

raaa 

1_r 

DOC  =  80040301 


F AGE  17 


Key:  (1).  Designation.  (2).  Designation.  (3).  Switch  to  one  direction 
(single-pole).  (4).  to  two  positions.  (5).  tc  three  positions  (third 
position  neutral).  (6).  Disconnecter .  (7).  Switch  (automatic}  General 
designation.  (8).  High-voltage  switch  tripolar.  (9).  Note.  It  the 
diagrams  of  power  supply  it  is  allcved/assuaed  high-voltage  switch  to 
depict,  as  it  is  shown.  (10).  windings  by  relay,  contactor  and 
magnetic  starter.  It  is  allowed/assuaed  to  apply  the  following 
designations.  (11).  Winding  by  relay  current  consecutive.  (12). 
Minding  by  voltage  relay  parallel.  (13).  Windings  of  contactor  and 
magnetic  starter. 
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Table  1-4.  Designations  tne  conditional  graphic  of  electrical 
eguipment  and  wirings  cn  tne  plans/layouts  (GCST  7621-55). 


HumraMH 

(■L) 

OficnunuM 

SjieKTpaaBHraTfcnb  acHHxpoHHufl 

o 

^  (M) 

3jieiiTpoABHraTe.ib  cmhxpohhuA 

© 

HecxoibKo  McicrpoaBHraTMeS,  cocra&nftio- 
iomx  MHoroflBHraT&nbHUH  npHBOfl 
• 

o 

(U) 

Tpatfc$opKarop 

GD 

rioflCTaHuna  TpaHctpopMaTopHati 

1 

IS 

IUht,  ayjibr.  mna<p  ynpaBJieHH» 

Wh-/,  ctkipica  pacnpeae-iirre.ibHa)i 

rrm 

Ll  I  I  i 

UIaa(^pacnpeAe.7HTe,ibHuA  (ciwosoft  h  ocse- 

UKHMR) 

IUh^ok  rpynnoBoft  pafioiero  ocBemewns 

— 

^  v) 

UIntok  rpynnoaoA  aaapMftHoro  ocaewemut 

csi 
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Key:  (1).  Designation,  (i) .  Designation.  (3).  Electric  motor 
(asynchronous.)  (4)  .  Electric  motor  (synchronous^  (5)  .  Several 
electric  motors,  which  ccapcse  co-ordinated  drive.  (6).  Transformer. 
(7).  Substation  transfcra^r.  (d).  Eanel,  panel,  cabinet  of  ccntrcl. 
(9)  .  'panel,  assembly  distributive.  (10).  Cabinet  distributive  (power 
and  illumination).  (11).  Panel  cf  group  cf  working  illumination. 

(12).  Panel  of  group  of  emergency  light. 


zsmrnmm. 
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Continuation  ^able  1-4. 


JIL. 


ny<MTi 


Uk 


Peocrrr 


_  (3) 

Hume  c  aBTowaroM 


(<•> 

Sums  e  py<5mu>Hmow 
Hi£]k  c  np«AOxpaHHT&n)!Hit 

ft) 

Ruth*  e  pyfimnbHHKOic  n  npe«oxpanHTMHMH 
(A) 

Knonxa  ynpaaneHHH 


_  fa) 

JIhhrm  chboboA  pacnpeaeflHTeabHoA  cern  ne- 
peMeitHoro  rotta  HanpaaceHHe*  ao  660  a  * 
•KaKHHTMbHO 
_  (if) 

JIhbhr  ciuioboA  pacnpeaenmeabHoA  cer*  ne- 
pciKHHoro  Toxa  HanpaaceuueM  csbiiue 
660 

JIMn  cent  paOotero  ocaeuemut: 

V  *)  JW*  i«pTe»efl  rojibao  aaeirrpoocBe- 
ucima 

Cm)  6)  An  icpTemeA  c  coaMeumnuiu  ce- 
T*««  (caaoaoA  ■  ocBenaubHoA) 


OjMUMKt 


aD 

(23 

CXI 

> _ 

0 


Key:  (1).  Designation.  (2).  Designation.  (3).  starter.  (4) 
(5)  .  Cabinet  with  autciratic  aacfcine.  (6)  .  Cabinet 


Efceostat. 


with  knife  switch 
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(7).  Cabinet  with  safety  devices/fuses.  (8).  Cabinet  with  knife 
switch  and  safety  devices/cases.  (9).  Ccntrcl  kncb.  (10).  Line  of 
power  distribution  netwci*  cf  alternating  current  by  voltage  to  660 
in  1  inclusively. 

FOOTNOTE  ».  According  tc  GOST  7621-55  to  50C7.  I NDFCOTNOTE. 

(11) .  Line  of  power  distribution  network  of  alternating  current  by 
voltage  is  more  than  6€C  in  2. 

FOOTNOTE  2.  According  tc  GCST  7621-55  it  is  acre  than  500V. 
ENDFOOTNOTE. 

(12) .  Line  of  network/grid  cf  wcrking  illumination.  (13).  for 
drawings  cnly  of  electric  lighting.  (14) .  fcr  drawings  with  combined 
networks/ grids  (pcwer  ace  lighting). 
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Continuation  table  1-4. 


*  /o 

HamMMit 

Otameiu 

JIAhhh  cctm  aeapHHHoro  ocBeiueaHfr 

(*0  a)  ba*  xepTeateft  Twiuto  a.iejapoocse- 

meHH» 

— 

(S)  6)  bah  qepTextefi  c  coBMeiueHHUMH  ce- 
TftMJI  (cHJJOBOfl  H  OCBeTHTejJbHofi) 

JIhiIh*  ccth  HanpnncemieM  36  a  u  Haase 

/laiira  laaeM^eaHX 

Tf  S® 

ilRHHIf  yXOAHT  BUB 3 

/ 

_  h'l 

JThhhs  npaxoART  caepxy 

I 

/ 

JIhhm  pa38erB-iueTCB  »  yxoAHT  BBepx  h 

BRIO 

/ 

0*7 

TpH  oaHQauubHbi.x  npoBOja  uapxH  AI1P  ce- 
aeiiaeM  10  mm*,  npoKJiaabiBae.Mhix  na  aao-ia- 
(fxITOpax  (npaaep) 

flaa  aeTupe.T>KH.ibHbix  xaCe.is  MapKH  AAr 
ceaeiiHeM  3x50+1x25  **■*.  npoiuaflUBa- 
cmu.x  RawauA  a  OTflejtbnoA  crajibBoA  TpyOe 
AHaMcrpox  l'/i*  (nptmep) 

AnP3(lX!0)H 

AAT2(3x50+lX 
X25)2T  1 V." 

Key:  (1).  Designation.  (2).  Designation.  (3).  Line  of  network/grid  cf 
emergency  light.  (4).  for  drawirgs  only  cf  electric  lighting.  (5). 
for  drawings  with  conbined  netwcr Ks/grids  (power  and  lighting).  (6). 
Line  of  n«twork/grid  by  voltage  369. is  below.  (7).  Line  of  grounding. 
(8).  Line  goes  down.  (<1)  .  Lice  comes  cn  top.  (‘0).  Line  branches  and 
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departs  upward  and  downward.  Ill)*  Three  wires  c £  model  APR  fcy 
section  10  am2,  run  on  insulators  (example).  (12).  Two  four-wire 
cables  of  brand  A AG  with  section  3x50*1x25  bb2,  run  each  in  separate 
steel  tube  with  a  diameter  of  H/j."  (example). 

1-2.  Fundamental  infcraaticn  rrcm  electrical  engineering. 

The  current  strength  is  determined  according  to  the  law  of  the 

ohm : 

for  the  direct-current  circuit 

<«•»> 

for  the  alternating  current  circuit 

A,  (»*2> 

it 

where  O  -  the  voltage, 

R  -  ohmic  resistance,  chu; 

Z  -  impedance,  ohm. 


.  Ajk 


DOC  =  30040301  F  AGE  24 

Page  15. 

Ohmic  resistance  dementis  cn  material  and  geometric  diaensicns  cf 
the  conductor: 


R—fy-i  cha,  (1*3) 

where  1  -  length  of  conductor,  a; 

F  -  cross  section,  the  si2; 

p  -  specific  res istor/resistarce ,  £»ibb2/b. 

Impedance  of  alternating  current  circuit  is  defined  as  vector 
sum  active  R  and  inductive  cf  the  i  resistors/resistances: 

Z=*VR *  +  X»  .  oha.  (M) 

Fundamental  principles  in  the  system  of  the  three-phase  alternating 
current: 


with  the  connecticn  into  the  star 


Um_  (O 

VT'  ’ 
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Key:  (1).  7.  (2).  A. 

with  the  connection  into  me  triangle 

Key:  (1)  .  V.  (2)  .  A. 

where  indices  "f"  and  "1M  correspond  to  the  phase  and  linear 
(interphase)  values  of  value. 

Power  of  direct -cur rant  circuit 


P-Ul-PR,  «.  0-5) 


The  power  of  the  single-pnase  alternating  current: 


is  active 


P~UI cos<fc  i»;  (14) 


reactive/ jet 


Qw*ut sin*,  fitch/ var.  (I*7) 
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The  power  of  the  tbree-pnase  alternating  currant: 

is  active 

p  m.  /T  Ul  CO*  f,  «;  («•*) 

reactive/ jet 

q^VTui siaf.  Fitch/var.  (i-g) 

The  total  power  of  the  three-phase  alternating  current 

s-VTc//-KP,  +  Q* .  v  A .  U*»°> 

Factor  of  power  (ccs  *)  is  called  the  ratic  of  active  pcwer 
(watt,  kilowatt)  to  the  total  (voltanpere,  kilovclt-anpere) . 

Factor  of  the  power  in  general  always  less  than  the  unit.  Only  with 
the  purely  resistive  lead  (incandescent  lighting,  electrical  heatin 
installations)  it  is  equal  tc  unit. 

1-3.  Definitions. 

According  to  the  deter mnaticn  of  the  rules  of  the 
davice/equipnent  of  the  electrical  devices  (ECE)  of  line,  the 
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employees  for  transmission  and  electrical  power  distribution,  are 
subdivided  into  aerial  lines,  cable  lines,  electric  wirings  ard 
conductors. 

Aerial  line  (VL)  is  called  de vice/equipment  for  transmission  and 
electrical  power  distribution  according  tc  the  wires, 
arranged/located  on  the  open  air  and  fixed  with  tha  aid  of  the 
insulators  and  the  armature  tc  supports  cr  brackets  of  engineering 
facilities  (bridges,  overpasses,  etc.) .  Aerial  lines  are  subdivided 
into  the  line  by  the  voltage  cf  acova  1  kV  and  line  by  voltage  to  1 
kv. 


Cable  line  is  called  the  line  for  the  electric  transmission, 
which  consists  of  one  cx  several  cables  with  coupling  and  terminals 
(seals)  and  fasteners.  Cable  lines  run  underground  in  the  trenches, 
under  water,  in  the  special  installations  (blocks,  mines/shafts, 
etc.) ,  and  also  in  the  cpan  air  bcth  inside  and  cutdccrs. 

Electric  wiring  is  called  the  totality  cf  wires  and  cables  with 
the  relating  to  them  attachments,  the  supporting  and  shielding 
constructions/designs.  Iba  electric  wirings  include  the  power  and 
lighting  lines  of  direct  and  alternating  current  by  voltage  cf  up  tc 
1000V,  laid  within  the  buildings  and  the  installations,  on  their 
external  walls,  on  the  territories  of  courts  and  homestead  sections. 
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made  by  insulated  wires,  and  aisc  by  unarmorsd  india-rubber  cables 
(for  example,  brands  ASBG,  A V  aG ,  etc.)  of  fine/small  sections  (tc  16 
■  m2  inclusively)  . 

Electric  wirings  using  tne  aethod  of  fulfillment  are  divided 
into  the  following  fcris: 

1.  Open,  laid  over  the  surface  of  walls  and  ceilings,  on  the 
farms/trusses,  etc.  open  wiring  can  be  stationary,  movable  and 
movable. 

2.  Concealed/latent,  continued  in  structural  elements/cells  of 
buildings  (walls,  floors/sexes  and  overlaps) * 

Conductors  are  calltd  devices/eguipment  for  the  intrashop 
transmission  and  electrical  pcwer  distribution  of  the  industrial 
enterprises  of  ferrous  and  acafsrrcus  metallurgy,  chemical  and  other 
energy  productions.  Conductors  consist  of  bars  or  insulated  busbars, 
laid  in  the  ducts,  the  closed  galleries  cr  the  tunnels,  and  it  is 
also  opened  on  the  supporting  structures.  Conductors  are  applied  with 
the  voltages  both  cf  up  tc  1000V  and  above  1CC0V. 

1-4.  Nominal  voltages. 
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Table  1-5- 1-8  gives  the  ncninal  voltages  of  electrical  networks, 
transformers,  sources  and  receivers  of  electrical  energy  to  10  kv 
inclusively  according  tc  GOST  '721-62,  introduced  on  1  January,  1963. 
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Table  1-5.  Nominal  vcltagas  of  electrical  networks,  sources  and 
receivers  of  electrical  energy  cf  up  to  1007. 


(') 

naCTMMtlt  mi.  » 

C^Tpca^UHWt  RM 
(MM^uiwe  uap«- 
KCIIU).  « 

Li) 

OMO^UHtll  TM.  • 

6 

- 

12 

— 

12 

24 

— 

24 

36 

36 

36 

48 

— 

— 

60 

— 

Key:  (1).  Direct  current,  V.  (2).  Ihree-phase  current  (interphase 
voltage)  ,  V.  (3)  .  Single-phase  current,  V. 


Table  1-6.  The  nominal  voltages  of  electrical  networks,  sources  and 
receivers  c£  electrical  enargy  are  more  than  100  cf  up  to  10C0V 
(direct  current)  ,  v. 


(0  Cm  ■  spMMORi  Mcxrpitecxaft 
n«|im 

HeTOTun  nn«n 

tio 

115 

220 

230 

440 

460 

Key:  (1).  Networks/grids  and  receivers  of  electrical  energy.  (2). 
Power  supply. 


SL 


: 
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Table  1-7,  Nominal  voltages  of  electrical  networks,  sources  and 
receivers  cf  the  electrical  energy  (alternating  current),  V. 


Note,  For  existing  electrical  networks  with  the  nominal  voltage 
500V  must  be  manufactured  the  electrical  equipment  to  this  vcltage. 

Key:  (1).  Networks/grids  and  receivers  cf  electrical  energy.  (2). 
Threephase  generators  (icterphase  voltage).  (3).  Transformers.  (4). 
three-phase  current.  (5).  ancerphase  voltage.  (6).  phase  voltage. 

(7).  single-phase  current.  (8).  primary  windings.  (9).  secondary 
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Table  1-8.  The  nominal  mterphase  voltages  cf  three-phase  current  are 
nore  than  1000V  electrical  networks,  generators,  transformers  and 
receivers  electrical  energy,  ard  also  their  greatest  operating 
voltages,  long  permitted  according  to  the  working  conditions  cf 
insulation,  kV. 


c* 

tn.) 

|  (  3)  TpanctJjop wiTppw 

Ceil  ■  npneMHiKi 

MHTpirtecnoa 

iHeprua 

r«N«pilTOpW 

N) 

IRpMVRWe 

ofiMOrx, 

S^pimilWC 

06MOTNI 

HwlrfMUICt 

MaBpnweHHe 

3 

6 

10 

3.15 

6.3 

ie.r 

111 

3  JL3.I5 
.  6  5,6.3- 
hoVlO,5 

3.1Sjy3.3 
6.3Y6.6 
10,5  Sr  li 

3.5 

5.9 

11.5 

Motes:  1.  Table  4  cf  GCST  721-62  is  given  incompletely,  since 
present  manual  is  limited  tc  electrical  networks  to  the  noainal 
voltage  to  10  kV. 

2.  Nominal  voltages  cf  primary  windings  cf  transformers  3.15; 

6.3  and  10.5  kV  relate  tc  transformers,  connected  directly  tc  busbars 
of  generator  voltage  of  electrical  stations  ct  outputs  of  generators. 

3.  With  the  presence  in  winding  of  transfcraer  of  several 
branchings  indicated  in  Table  1-8  noainal  voltages  relate  to  its 
fundamental  branching.  For  the  fundamental  branching  one  should 
accept:  with  the  odd  number  cf  branchings  -  average/aean  brarching. 
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with  even  number  cf  branchings  -  branching  with  the  nearest  large 
voltage  with  respect  tc  tb«  medium  voltage  cf  the  range  of  control. 

Key:  (1).  Net works/g rids  and  receivers  cf  electrical  energy.  (2). 
Generators.  (3).  Transformers.  (4).  primary  windings.  (5).  secondary 
windings.  (6)  .  Great  is  working  vcltage.  (7) .  and. 

1-5.  Fundamental  requirements  fcr  electrical  networks. 

Electrical  networks  must  satisfy  the  following  fundamental 
conditions: 

1.  To  be  safe  for  lire  and  health  of  person  and  not  to  create 
the  threat  of  the  onset  cf  fire  cr  blast.  One  of  the  necessary 
conditions  without  the  danger  in  electrical  network  is  the  correct 
selection  of  the  section  of  wires  and  cables  according  to  the 
condition  cf  their  heating  operating  current,  and  in  certain  cases 
and  overload  protectior.  Fcr  the  cables  the  safety  is  guaranteed  also 
by  their  thermal  resistance  during  the  short  circuit  (see  Section  4, 

6  and  7)  . 

For  the  safe  operation  cf  network/grid  is  necessary  alsc  the 
correct  selection  of  brand  and  method  of  the  wiring  and  cables  in 
accordance  with  the  characteristic  of  the  environment. 
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2.  To  possess  sufficient  reliability,  i.e.,  not  to  be  reason  for 
breaks  in  feed  by  electric  fewer  cr  connected  users.  One  of  the 
conditions  of  guaranteeing  cha  reliability  cf  electric  system  is 
sufficient  mechanical  strength  cr  wires,  cables  and  conductors. 
Calculations  for  the  mechanical  strength  of  the  wires  of  air  electric 
power  lines  with  the  effect  of  the  stress  of  wires  themselves, 
ice-covered  surface,  wind,  etc.  do  not  enter  into  the  goal  of  present 
manual. 

Tables  1-10  and  1-11  give  tne  smallest  permissible  on  the 
mechanical  strength  sections  of  wires  in  depending  cn  the  method  of 
separator  and  line  vcltace. 
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Table 


K- Y  i  ( 


>. 


1-9.  Selection  of  tbe  vcltage  of  distribution  networks, 
HoaafiikMM  I  ( X) 

MapaSCNM  I  O&UCTk  npuMf Ht»M« 


3000 


6000 


10000 
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380/220 


(loj 

500  a  220  (ajm 
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cere#) 

36 

12 

• 

12,  2+,  36,  «. 
60.110, 127,  220 


/.  HatipsuKCHtie  autue  I  000  a 

(jt)  3  xafecTse  octioaHoro  Hanpa^eima  pacnpeae- 
.iHTeabHoi'i  ceTH  HaxoAHT  pejKoe  npHMeneime.  , Mo¬ 
at  er  CuTb  npHMCHeHo  .iHUJb  nocne  naa-iewawero 
TexHHKO-sKoiioMHHecxoro  oOocHOBaiiHa  na  npeAnpK- 
hthh  c  oTiiocHTexbiio  He6o.'ibiiiOH  noTpe6.iHe«oA 
MoiuiiocTbfO  h  iipii  aiiaHitreibiiOM  inc.ie  a.iexTp oj.au- 
raTtvieii  MoiunocTbw  75 — 200  aar 
(S)  UeaccooOpaaiio  nptiMeiwTb  Ha  npoMiipejnpiiH- 
max  npu  iiajiH'iHH  3Ma«tHTe.ibiioro  mc.ia  a.iextpo 
npHCMiniKoa  Ha  6  < a.  ripn  pexoticTpyicuiM  cyutecr- 
aynuuix  ropoAcxHX  ceTcft  6  ks  npns*eiineTcn  npw 
ycjioBMM  oCocHOBaiiHa  TexiiHKO-aKOHOHieiecxiiM  pac- 
MeroM 

(GJPcKOMciuycTca  x  UMpoKOMy  ftpHMeiieimio  s  ro- 
p«ma <  x  ce.ibcxHx  paiimiax,  a  Taxate  ita  npoiwipea- 
npHHTHHx  npH  OTcyrcTBiui  doAbuioro  xnc-ia  s.xexTpo- 
npHCMKHKOB,  KOTopbie  woryr  nHTaTbCs  Hcnocpea- 
CTBCHHO  or  ceTH  6  KS 

(V 

2.  nanpaxceHue  do  /  000  a 

fa)  PexoMeiuyeTC*  x  antpoxoMy  npHMeHeHHio 
■  yroAbHoft,  ropiiopyaHoft,  xhmhhbcxoA  h  Hecpxsiioft 
OTpac.mx  npoMbiujaenHocTH.  HcmycKaeTca  6ea  orpa- 
HHHeilHB  0,1  S  Bcex  OTpaC.ICli  npOMUUl.ieHHOCTII  ao 
scex  c.iyiaax,  xorja  aro  sKOiio'inieocH  ue.iecoofi- 
paaHO 

/*)JlBJ»HeTCH  OCHOBHbIM  HanpBJKBHHCM  ropOACXHX 
MeitTpoceieS.  npaueHaercs  oaa  nHTaHHH  ch.iobux 
H  QCB«THTftnbHblX  3A€KTp0npHeMHHK0B  npOMUUUeH- 
Rbix  npeonpHSTHft  no  leTbipexnpoBOAiiofi  cHCTewe 
or  ofiuiHX  ipaHcipop.HaTopoa 

hOMoBter  6bm»  npnMeHeno  nwuib  na  pexoncTpy- 
HpyeMux  h.im  pacuinpaeMux  npearrpmn'HBx  c  5 o.iw- 
uihm  yoejibnbm  Becost  coxpaHaeMMx  ycraHOBOB 
220  Jinx  500  s 

C»*lMoweT  6uTb  oonyuiBHO  noc.ie  TexiniKO-SKOHO- 
WBxecxoro  oOocHosaiiHU  na  pexoHCTpyHpyeMbix  hah 
pacoiHptieMbix  npeonpHHTiistx  c  Oo.ibuiitM  yae.ibHUM 
aecoM  coxpaHsewux  ycraitoBOK  220/127  a 
•  LiiyLm  cem  MecTiioro  m  pewoHTHoro  ocsemewH* 
a  uoMetueHHHx  c  noauioeiiHoA  onacnOcrbio 
ThI/Lhh  ceTH  Mccmoro  n  pewoHTHoro  ocBeuiemtH 
a  ROT&ibHUX  m  jpyrxx  ocofio  onacnux  noneweiiH*x 
nUl/lxB  mrraHHH  uencA  ynpaaneiiHB,  cHrHaaHja- 
utio  h  aBTOMatxaauHH  TexHovu>n«ecxHX  npoueccoa 


I)  .  Nominal  line  voltage,  V.  (2).  Field  cf  application.  (3) 


DOC 


30040301 


PAGE  36 


Voltage  is  above  1000V.  (4).  As  fundamental  voltage  of  distribution 

network  is  found  rars  use.  Can  ne  used  only  after  the  proper 
technical-economic  substantiation  m  the  enterprise  with  the 
relatively  low  required  power  and  with  a  considerable  number  of 
electric  motors  in  power  75-2GC  kw.  (5).  It  is  expedient  to  apply  on 
industrial  enterprises  in  presence  of  considerable  number  of 
electrical  receivers  or  6  kV.  Curing  the  reccrstructicn  of  the 
existing  urban  networks/grids  6  kV  it  is  applied  under  the  condition 
of  substantiation  by  the  technical-economic  calculation.  (6).  It  is 
recommended  to  wide  application  in  cities  and  rural  areas,  ard  also 
on  industrial  enterprises  in  tne  absence  of  large  number  of 
electrical  receivers  which  can  be  supplied  directly  from  netwcrk/grid 
6  kV.  (7).  Voltage  of  up  to  1GQQV.  (8).  It  is  recommended  to  wide 
application  in  carbon,  mining,  caemical  and  petroleum  branches  of 
industry.  It  is  allowed/assuaed  without  the  limitation  for  all 
branches  of  industry  in  all  cases  when  this  is  economically 
expedient.  (9).  It  is  fundamental  voltage  cf  urban  electric  systems. 
It  is  applied  for  the  feed  cf  the  power  and  lighting  electrical 
receivers  of  industrial  enterprises  for  four-wire  system  from  the 
general/ccmmon/total  transformers.  (10).  500  and  220  (for  power 
electrical  receivers).  (11).  It  can  be  used  crly  in  reconstructed  or 
expansible  enterprises  with  a  larce  specific  gravity/weight  cf 
retained  installations  cf  *wG  or  5C0V.  (12).  (for  lighting  systems). 
(13).  It  can  be  allowed  after  t e c hrica 1- eccrc aic  substantiation  in 
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reconstructed  or  expansit  *  enterprises  with  large  specific 
gravity/weight  of  retained  installations  22C/127V.  (14).  For 

network/grid  of  local  and  repair  llluninaticn  in  locations  with 
increased  danger.  (15).  fcr  netwcxk/grid  cf  Iccal  and  repair 
illumination  in  toiler  and  ctner  especially  dangerous  locations. 
(16).  For  feed  of  ccntrcl  circuits,  signaling  and  automation  cf 
technological  processes. 


DOC  =  30040302 


EAGE 


39 


K°y:  (1).  Characteristic  or  wire  and  conditions  of  separator.  (2). 
Smallest  section,  mm2.  (3)  .  copper.  (4)  .  aluminum.  (5)  . 
Isolated/insulated  patch  cords  witnin  and  outside  fittings.  (6). 
within  buildings.  (7).  cur  or  cuildings.  (8).  Cables  in 
gen=r al/common/total  shell  and  wire  hose  for  connection  of  movable 
everyday  electrical  receivers.  (9)  .  Cables  and  wires  hose  for 
connection  of  movable  electrical  receivers  in  industrial 
installations.  (10).  Cables  hose  xcr  movable  electrical  receivers. 
(11).  Twisted  twin  conductors  with  stranded  veins/strands  for 
stationary  separator  on  rollers.  (12).  Unprotected  insulated  wires 
for  stationary  separator  indoors.  (13).  cn  tellers  and  cleats.  (14). 
on  insulators.  (15).  Unshielded  insulated  wires  in  external  electric 
wirings.  (16).  on  walls,  constructions/designs  or  supports  on 
insulators.  (17).  under  sneds  cn  rollers.  (18).  Unprotected  insulated 
wires  and  pipe  cables  and  metallic  hoses/pipes.  (19) .  Cables  and 
shielded  insulated  wires  for  stationary  separator.  (20).  iires  of 
intra-house  natwork/grid.  (21).  1.  Group  lines  of  network/grid  of 

illumination  in  the  absence  of  plug  sockets.  (22) .  2.  Group  lines  of 
network/grid  of  illumination  with  plug  sockets  and  plug  lines.  (23)  . 
3.  Introductions/inputs  into  apartments,  to  users,  calculated 
counters.  (24).  4.  Risers  in  aatitable  buildirgs  for  feed  of 
apartments.  (25).  Uninsulated  wires  in  buildirgs.  (26).  Uninsulated 

shielded  from  corrosion  wires  in  ouildings.  (27).  Uninsulated  wires 
in  external  wirings.  (26).  Insulated  wires  and  cables  with  separator 

in  dangerously  explosive  locations  in  steel  tubes.  (29) .  lighting 

systems.  (30).  power  netwcrxs/gcids. 
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Table  1-11.  Smallest  sections  or  wires  and  cables  of  aerial  lines 
permitted  according  to  tha  condition  of  mechanical  strength,  mm2 
diameters,  mm)  . 
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Xapumpanna  jhiiI 


M'fiosdymHbie  auhuu  t—10  u; 
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7//12.  HacejieHHU  uecrHOcib . 

(/jS 3.  riepecexeHB*: 

(/S)  A.  Pwt,  RaHajioB,  osep  ■  t.  n.: 

cyaoxoauux . 

i  .  HeeyjjomaiiHX  ....... 

(nm.  JIhiirA  cbmb  a  carM.iH3aui(H 
(/53B.  )Ke-ie3Hux  aopor.  HaaewibiX 
TpyConpoBOxios  a  xanaTHbix 

.  aopor  . 

(J»X.  ABTouoOajTbHbix  aopor  MTero 
Phb  I— IV,  TpawaaftHux 
.  .  TpojuieAfiycHwx  .ikhrA  .  . 
0"iH.  AaroMoOHJibHux  aopor  iWTerO' 

pa*  V . 

lit 3E.  Boanyuinux  .ihhrA  ao  10  jw 
(fl£.  Bosaytoubie  jihhhr  ao  1  000  «  . 
ZJOp.  OraeraMHim  or  aoaayumux  .m 
aaft  a  aaoaaw  a  ouaw  .  . 
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Key:  (1).  Characteristic  ot  lines.  (2).  Construction/design  and 
material  of  wires  and  cables.  (3).  aluminum,  mm2.  (4). 
Steel-aluminum,  mm2,  (5) .  Composite  (steel-alumirum)  ,  mm2.  (6). 


Steel.  (7).  stranded,  mm2,  (d)  .  single-wire  (diameter),  mm.  (9). 
Aerial  lines  1-10  kV.  (1C).  1.  Unpopulated  locality.  (11).  2. 


Populated  locality.  (12).  d.  Intersections,  (13).  A.  Rivers, 
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channels,  lakes  and  the  like:  navigable;  unnavigable.  (14).  5.  Lines 
cf  communications  and  signaling.  (15).  C.  Iece  ways,  ground-based 
conduits/mani folds  and  caoisway s,  (16).  C,  Highways  of  category  of 
I— IV ,  tram  and  trolley-bus  lines.  (17).  E.  Highways  of  category  V. 
(18).  F.  Aerial  lines  tc  10  kV.  (19).  4.  Aerial  lines  to  10  kV.  (20) 
5.  Branchings  from  aerial  lines  to  entrances. 


FOOTNOTE  l.  Is  not  allcwsd/assuaed  the  use/application  of  steel 
wires,  with  exception  cf  rhs  lightning  arresters. 

2.  Is  not  allcwed/assumed  use/application  of  single-wire 
wires  in  diameter  of  acre  than  fc.5  mm  of  composite  cnes  and  5  mm  of 
steel  ones.  ENDFOOTNOTE. 

Page  22. 

3.  To  transmit  electric  power  to  users  with  minimum  deviations 
cf  voltage  from  nominal.  Ibis  is  achieved  by  the  calculation  cf 
network/grid  to  the  loss  of  the  vcltage  (see  Section  5)  and  by  the 
selection  of  the  means  cr  regulating  voltage  during  the  design  of  th 
network/grid  (see  Secticr  11),  and  also  by  the  correct  use  of  these 
means  during  the  operaticn. 


T 
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4.  To  provide  smallest  expenditures  for  operation  and 
construction  of  electric  system  upon  reaching  of  conditions. 


presented  in  paragraphs  1-J  (see  3d- 10) 
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Section  Two 

ERIEF  INFORMATION  ABOUT  THE  CONSTRUCTION  OF  HIRES  AND  CABLES  AND  THE 
CONDITIONS  OF  THEIR  SEEAEATC6. 

2-1.  Wires  not  insulated. 

Wires  not  insulated  are  applied  in  air  electrical  networks  for 
transmission  and  distributing  electrical  energy.  The  uninsulated 
wires  run  in  thQ  open  air,  attaching  to  the  supports  of  aerial  lines 
cr  the  brackets  of  engineering  facilities  with  the  aid  of  the 
reinforcement  and  the  insulators. 

The  primary  constructions  cf  the  uninsulated  wires  they  are: 

1)  single-wire  and  stranded  wires  of  one  metal  (copper,  aluminum 
cr  steel) ; 

2)  the  stranded  steel-aluminum  wires,  which  have  steel  core  and 
aluminum  shell; 

3)  single-wire  and  stranded  steel-aluminum  wires  of  the 
composite  wire. 


DOC  =  80040302 


PAGE 


Wires  bronze,  steel-orcnze ,  composite  steel-brcnza  non-current. 

Widest  use  in  aerial  networks  by  voltage  to  10  kV  inclusively 
received  aluminum  vires  (Pig.  *-1).  Steel  wires  as  a  result  cf  their 
pocr  conductivity  are  applied  cnly  for  the  lightly  leaded 
n^tworks/grids  in  the  rural  areas. 


Pig.  2-1.  lire  the  unicsulated  aluminum  cf  brand  A 
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Table  2-1.  Uninsulated  wires. 


0) 

Hipu 

■BB9| 

153 

M  1 

^MbarwA 

4—400 

A  < 

/LfltOMRHIieauA 

16-600 

AC  1 

f ^TB  AeajUOMRHHeBblA 

10—400 

A K 

w 

AAlOHRHHCauA  KOpp03HOBHOCTOA- 

xaA 

16 — 600 

ACK 

^TaAeaAWMHiimeBHA  Koppoanon- 
hoctoAkhA 

DHUeTBAAHHeCKHA  CTaACAAIOMH' 
HReBbiA 

10—400 

BA  1 

4- -500 

nco 

)0) 

'  CrajtbHod  OAHQnpoDJiOHHbii 

0  3;  3.5;  4; 

nc  (5 

?traj!bHoA  HHoronpoaoAOHHuA 

25—70 

OAjucTk  apiMtmiuia 


K 


AO 


*JSjm  •oaAyuiHUZ  cereA  a  junraA  MeKTponepeAana 

BOsayuiHhix  cereA  u  ahhhA  MeKTponepeuiB 

'l0  M 

Y'o'JTo  me.  Koraa  rpefiyercw  noBbimetmaR  Mexamnecita*  np<w- 
Hocrb  npoBoaos  (aar  GoAbtimx  npoxetOB  wemAy  rawaiu 
Kpen.ieHHB  a  aar  cereA  »  paflonax  c  TRmeAMMH^BTMOciJiep- 
|jjbJUH  yOlOBHUiR) 

:«  BoaayoiHhix  cereA  r  jihhhA  a.ieKTponepeaaiH  ao  10** 
aar  npoMuuuieHHbix  ii  MopcKHx  .  npn6pe>KHbix  pafloHoe,  rae 
HB&xioAaercR  ycnopemtaR  Koppoaiu  npoBoaoa 

WTo  *e.  xoraa  rpefiyeic*  noBbiuieHiiaa  mexaHHiecKaa 
j  r-OMHOCTk  npOBOAOB 

WnpoBoaa  •  ARanaMHe  ceReiwA  4 — 35  mm1  npeaHaatia- 
'rbiotcr  AAR  saesTpiupHnauHR  ceAbcxoro  xoaaAcTsa  h  ajir 
OTReraneMHA  ot  B03ayuiHbix  ahhhA  k  BBoaan  b  3A3hhr. 
npoeo/u  6oji biURX  cewenufi  fipmueiiRioTCH  aah  coopywewiR 
teAbuinx  nepexoAOB  tepea  peKH  h  apyme  npenuTCTBHR’  > 

fybm  BOsayuiHbix  cereA  c  HefiaibuiHUU  HarpywaMR 

jj^To  me 


K-?y:  (1).  Brand.  (2).  Designation  cf  wire.  (3).  Range  of  sections, 
mm2.  (4).  Field  of  application.  (5).  Copper.  (6).  Fcr  aerial  networks 
and  electric  power  lines.  (7).  Aluminum.  (8).  Fcr  aerial  networks  and 
electric  power  lines  tc  10  kV.  (S).  Stesl-al usinua.  (10).  Then,  whan 
is  required  increased  mechanical  strength  of  wires  (for  large 
flights/spans  between  attachment  points  and  fcr  networks/grids  in 
areas  with  severe  atmospheric  conditions) .  (11).  Aluminum 


cor  rosier. -re  si  st  ant. 


( 1z) .  For  aerial  networks  and  electric  pewer 
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lines  to  10  kV  for  industrial  and  oarin'*  coastal  areas  where  is 
observed  accelerated  ccrrcsicn  ct  wires.  (13).  Steel-aluminum 
corrosion-resistant.  (1*4).  Ihen,  when  is  required  increased 
mechanical  strength  of  wires.  (15).  Composite  steel-aluminum.  (16). 
Wires  in  the  range  of  sections  4-35  ram2  ar»  intended  for 
electrification  of  agricultura  and  for  branchings  from  aerial  lines 
to  entrances.  Heavy  guage  wiras  are  applied  fcr  the  construction  of 
large  transitions/ junctions  through  the  rivers  and  other 
obstructions.  (17).  Steel  single-wire.  (18).  For  aerial  networks  with 
light  loads.  (19).  Steel  stranued.  (20).  Then. 

Page  24. 

For  the  large  f lights/spans  ara  applied  the  steel-aluminum  wires 
(Fig.  2-2),  in  which  steei  core  serves  for  amplifying  the  mechanical 
strength  and  aluminum  snell  is  the  conducting  part  cf  the  wire. 

wires  aluminum  and  steel-aluminum  are  made  according  to  GOST 
839-59,  and  steel  -  according  to  GCST  58C0-51  and  8053-56. 

Brands,  ranges  of  sections  and  field  of  application  of  the 
uninsulated  wires  in  the  networks/grids  to  the  nominal  voltage  to  10 
kV  are  shown  in  Table  2-1. 
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Fig.  2-2.  Hire  the  uninsulated  ste«l-alui*inum  of  brand  AS. 


Table  2-2.  Diameters,  Heights  and  construction  lengths  of  the 
aluminum  uninsulated  wires. 
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cncnr.  juC 
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Be*  t  am  npoaooa. 
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44 
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6.4 

68 

4  000 

35 

7.5 

95 

4000 

50 

9.0 

136 

3  500 

70 

10.7 
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2  500 

95 

12.4 

257 

2  000 

120 

14.0 

322 

1  500 

150 

15,8 

407 

1250 

185 

17,5 

503 

1000 

240 

20.0 

656 

I  000 

300 

22.4 

817 

1000 

400 

25,8 

1087 

800 

500 

29.1 

1  376 

600 

600 

32.0 

1658 

500 

Key:  (1).  Nominal  section,  am2.  (2).  Diameter,  mm. 
of  wire,  kg.  (4)  .  Structural  length,  m. 


( 3)  .  Height 


km 


2-2.  Hires  and  cords  adjusting  iscAated/insulated. 


Adjusting  insulated  wires  and  cords  serve  for  distributing 
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electrical  energy  in  the  power  ana  lighting  plants  with  their 
motionless  separator  inacors.  Insulated  wires  are  applied  also  for 
the  seoarator  in  the  open  air  witn  the  input  unit  into  th9  buildings 
and  with  the  wiring  cn  the  external  walls  of  building  on  the 
insulators . 

Page  25. 

Black  cables  and  cords  serve  also  ror  the  feed  cf  electric  motors  and 
different  industrial  anc  everyday  movable  electrical  receivers. 

On  the  voltage  of  wire  are  manufactured  tc  220,  380,  50C,  2000 
and  3000  V  of  alternating  current,  and  ccrds  -  on  220  V.  According  to 
a  number  of  current-conducting  veins/strands  cf  wire  are  released 
cne-,  two-,  three-,  four-and  multiple  ones,  and  the  cords  -  by 
predominantly  twin-cored  (Fig.  1-3). 
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Table  2-3.  3rands  of  wires  ana  corns  with  rutfc-r  and  polychlcrovinyl 
insulation. 
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(J*j  ripoBoa  c  aniOMHHHeaoA  xchjioh  a  otwerxe  H3  x-ionnaToCyMa/KHoA  npaxH,  npo- 
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i1))  riposoa  c  ajiioMHHHeaoii  jkh.ioh  b  oruierxe  H3  x.ionHaTofiyvawHoft  npaww,  npo- 
nHTa.fMoA  npoTHBorHiuiacTHbiM  cocraaoM,  am  opoiuaAKu  a  ochobhou  a  cTajibnux 
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OyMaiKHOA  npWJKH  OAHOXHJIbHblA 
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noKDbiToA  naaoM 

(/igriposoa  c  muhumm  aouiaMH  thCkhA  a  aeapoaHTatuioA  oiuence  m  uioniaTofiy- 
mixhoA  npaxa  AByxxmibHMA  _ 

^Jnpoaoa  c  mcahoA  xmjioA  a  ojlmtkc  aa  inoniaTOfiyuaxHoA  npaxu,  kokputoA 
.Taxon 

('/^jllpoBoa  c  xeaabiMH  xotnauu  a  oruience  H3  XJioxrmTofiyuaxHOA  npaxH,  nponn- 
tbhhoA  nporuaoruH.TOCTHbiM  cocTaaoM,  am  npotuiajiKH  B  ochobhom  a  orajibHux 
[  TTiyflax 

[(/ wnpoaoa  c  MejHoA  xh.toA  a  noMxaopaHHiutOBoA  ofionowe  oAHOwunbHbiA 
U  r)ripoBoa  thSkhh  c  MejiHOH  xiuioA  a  iiojihxjiopbhhhjioboA  oOonoMKe  oAHoaaubHbifi 
y^oyipoaoA  thCkhm  c  M6AHUMH  xHJiaMH  a  noAHxaopBHHHJioaoA  oOoAOMxe  Aayx- 
XUtbHblA 

(*l}U\n yp  c  MBAHUMH  XH."aMH  B  HenponHTBHHOA  OIUeTXe  H3  XAOnHaTOfiyMaXHOH 
npaxH  AayxxHJibHbift 

^49)TIpoBOA  thCkhA  tbimoctoAkhA  c  MeAHoA  xhjioA  c  h3ojixuh«A  ii3  Kpe.MHHftopra- 
HHiecxoA  pesHHbi  a  oruerxe  hs  cTexJioBojioxHa,  npooHTaHHoA  KpetiamlopraHHHecKHM 

JIBKOM,  OAHOXll.TbHblH 

(«?i3npOBUA  TpOCOBblA  C  SAIOMHHH8BMMH  XHA3MH  B  OflO.IOTKe  H3  HafipilTOBOA  pe3HHbl 

2.  ycnmoaonMUt  npoaoda  c  peiunoaotl  ujoaaque il  a  MercLtAunecKUi 

aamuTHUX  o6oaohkox 

\(^)  llpoaoA  c  MeAHoA  xhaoh  naHUHpHbiA  a  3amtiTHoA  onneTKe  H3  cia.ibHoft  ouhh- 
KoaaHHoA  npoaojioKH 

ripoaoA  c  MeAHoA  xhaoA  naHuiipHbiA  a  ui.iaHroaoA  ofioAonxe  h  oruieTKe  113 

CTBAbHblX  OUHIIKOaaHHUX  OpOBO.TOK 

/^Ojnpo.OA  c  MftAMoti  xiuoM  b  TpyOMaToft  MeTaA.THHecKoA  (pa.ibuoiaHHoA  ofio.iosKe 
fxStyio  me  c  ajtioMHHMeaoA  xhaoA 


rOCT  5352-52 
TYKn  37-58 

TyKn  2-59 
TOCT  1977-54 

rOCT  1977-54 

TOCT  1977-54 

rOCT  1977-54 

rOCT  1977-54 

rOCT  1977-54 

TOCT  1977-54 


rOCT  1977-54 
BTya  128-43 


TyKn  0-72-66 
TyKn  0-72-66 
TyKn  0-72-66 

TOCT  1977-54 

BTy  Man  oaa 

505.  027-53 
TyKn  69-59 


TOCT  1843-46 

TOCT  1843-46 

TOCT  1843-46 
TyKn  98-60 
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Con  tinuation 


Tabl< 


2-3. 


AriB 

nB 

nrB 

nnB 

Anna 

nnBC 

Annac 

>Br 

yoor 


(p9)s.  y cmanosoHHue  npotoda 


e  rtOAUXAO pauHUAOtod  uaoAHUueu. 


Sf^^pOBOa  C  a.TlOMHHHeBOH  JKKilQH 

riposoA  c  MeaHoa  jkh.toh 
ripoaoa  c  nifiKOH  ueaHou  hciitioh 

npOBoa  OJIOCKHft  C  lieAHbIMH  MHJiaMH  C  pBBJiejIHTG-lbUUM  OCHOBBUHeM 

!  MC  iJUOMHHKeBblSUI  MHJIBMH 

pOBOa  JLIOCKHH  C  UeillblMH  MHJlaMH  6e3  pa3AWHTWbHOrO  OCHOBBHHH 
)XiC  ajIlOMilHHeBbIMK  HiH.iaMH 
posoa  c  niAKOit  mbahoh  jkmjioh 
poooa  c  oco6o  rH6KO»  MejHtm  wh-ioh 


rOCT  6323-62 
TOCT  6323-62 
TOCT  6323-62 
TOCT  6323-62 
TOCT  6323-62 
TOCT  6323-62 
TOCT  6323-62 
TYK  281-57 
TyK  281-57 


U1BPO 


UIBPIU 

uins 

MO 
uinol«  J 

mnpo 

I11RRIII 


(t0)  UI„yp 


4.  UJnypbi  3a*  Curoeux  aAeiCTponputiopoa 


c  peawHOBoft  HaonHUHeA  cKpyqeHHbift  c  aamoaueHMex  a  oSuieft  onaenu 
hs  x-nonqaTo6y«a)KHoA  nptiHCH,  jiomeHoii  hhtkh,  Harypanbuoro  urn  HCKyccTBCHHoro 

/v/)  HI  Hyp  c  pejHHOBOH  ii3o.iHuneft  CKpyqeHHbift  e  aanojiHeHHea  b  nuaiiroaoft  pesa- 
HOBOft  OCOJlQ'IKe 

(V^iLLlHyp  :  jisyua  napajweJibHo  yiioacaMHUua  houibmh  b  ofimeft  h3o.ihuhh  mb 
uojtHXAopaiiHiuoaoro  njiacTHKara 

L^J^UiHyp  c  H303muHeH  H3  xJionsaTo6ynaJKHoA  npaaca  AByxxHJibHbiA  c  napaji- 
lJtMbHO  y.lOJKeHHbIMH  3KHJ1 3  M  H  B  OfitlMft  OIUBTKe  H3  XJTOnHaTOCyxaiKHOH  npjDKH, 
JIOlKeHOH  HHTKH,  HaTypa.IbHOTO  HJIH  HCKyCCTBeHHOTO  UiUIKa 

/‘/Syjdnyp  c  MeaauMH  xH-iaua  c  aojiauopsHaanoBoA  asojunnieA  cxpyqeHHbiA  i  no- 

JlHXAOpBHHHJIOBOH  OfiO-TOHKe 


rOCT  7399-55 


rOCT  7399-55 
rOCT  7399-55 
rOCT  7399-55 


TyK  271-57 


ABBT 

ABnr 

Annp 

ACB-l 

ACB-2 


(yb)  5.  npcaoda  u  KaOeAu  c  OAiOMtiHueataMu  xuaclmu  d aa  n penny upcrtHHOAO 
npuMeHtmia  a  cbabckom  xovulcrat 

ly^KafiMb  e  nonHBHHHJixnopHJiHoA  HSOimuHeA  b  ncuiHBHHHJUUiopaauoA  ofiaaOHKe 
KjoV^0  C  nanHBTHMHQBOU  H30JTHUHeft 

WrjripOBOa  c  pe3HHOBOft  H30J1BUHeH  JSJIH  IipOlC/iajUCH  no  AepeBHHHUM  OCHOBaHHHM 
4ToJ  KaCe-ib  caMOHecyuHft  co  CTanbHbiM  rpocox  c  HsonauaeA  hj  caeTacroAKoro 
aaacTHKaia.  Tpoc  aonycKaer  yciuiae  230  ki 
(v5'IjTo  mb-  ycHJiHe  650  *f 


TOCT  11160-65 
TOCT  1 1 160-65 
Ty  017-31-63 
Ty  017-32-63 

TY  017-32-63 


Key:  (1).  Brand.  (2).  B6so.ynata.cn  cf  wires  and  cords.  (1).  or.  (4). 
1.  Black  cables  and  corns  woth  ructer  insulation  with  braid/ccver 
from  fibrous  materials  and  wicncut  braid/cover.  (5)  .  Wire  with 
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aluminum  vein/strand  with  neoprene  rubber  insulation  without 
braid/cover.  (6)  .  Wire  wich  alumnum  vein/strand  in  braid/cover  from 
cotton  thread,  saturated  with  p reservati  ve  composition.  (7).  Sire 
with  aluminum  vein/strand  in  traid/cover  from  cotton  thread, 
saturated  with  imputresciole  cc apcsit ion ,  for  separator  in  essence  in 
steel  tubes.  (8)  .  Wire  with  alumnum  vein/strand  in  polychlorovin yl 
shell  single-cable.  (9)  .  Wire  with  copper  vein/strand  reinforcing  in 
unimprs gnated  braid/covsr  ircm  cotton  thread  single-cable.  (10).  Wire 
with  copper  veins/st rards  reiarcrcing  in  uni mpregnated  braid/cover 
from  cotton  thread  twin-cored.  (11).  wire  with  copper  veins/strands 
flexible  in  general/coamcn/total  braid/ccv=>r  from  cotton  thread, 
saturated  with  iraput resciox-e  composition  twin-cored.  (12).  Wire  with 
copper  v“in/strand  in  traia/cover  from  ccttcn  thread,  saturated  with 
imputrescibl<=  composit ic r,  single-cable.  (13).  Wire  with  copper 
vein/strand  flexible  ic  tcaia/ccver  from  cottcn  thread,  saturated 
with  iaDiitrescible  eoaccsiticn.  (14).  Wire  with  copper  vein/strand 
flexible  in  braid/cover  from  cottcn  thread,  covered  with  varnish. 

(15).  Wire  with  copper  veins/strands  flexible  in  unimpregnated 
braid/cover  from  cotton  thread  twin-cored.  (16).  Wire  with  copper 
vein/strand  in  braid/ccver  frca  cotton  thread,  covered  with  varnish. 
(17) .  wire  with  copper  veins/strands  in  traid/cover  of  their  cotton 
thread,  saturated  with  imputresciole  composition,  for  separator  in 
«ss«nce  in  steel  tubes.  (Id),  wire  with  copper  vein/strand  ic 


po lychloroviny 1  shell  si r gle-car ie.  (19).  Wire  flexible  with  copper 
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vein/strand  in  polychlcrcvin yl  shell  single-cable.  (20).  Hire 
flexible  uith  copper  veins/strands  in  po ly chlcrcviny 1  shell 
twin-cored.  (21) .  Cord  with  copper  veins/strards  in  unimpregnated 
braid/cover  from  cotton  thread  twin-cored.  (22) .  Hire  flexible 
heat-resistant  with  copper  vein/strand  with  insulation  from  silicon 
rubber  in  braid/cover  from  fioerglass,  saturated  with  silicon 
varnish,  single-cable.  (23) .  Hire  cable  with  aluminum  veins/strands 
in  shell  from  neoprene  runner.  (24).  2.  Adjusting  rubber-covered 
wires  in  metal  shielding  snelis.  (25).  Hire  with  copper  vein/strand 
armored  in  shielding  braid/ccver  from  steel  zinc-coated  wire.  (26). 
Hire  with  copper  vein/strand  armored  in  hose  shell  and  braid/cover 
from  steel  zinc-coated  wires.  (27).  Wire  with  ccpper  vein/strand  in 
tubular  metal  folded  shell,  (xd)  .  Then  with  aluminum  vein/strand. 

(29).  3.  3lack  cables  witn  pcly c hlcrovinyl  insulaticn.  (30).  Hire 
with  aluminum  vein/strarc.  (31).  Hire  with  copper  vein/strand.  (32). 
Wire  with  flexible  ccpper  vein/strand.  (33) .  Hire  flat/plane  with 
copper  veins/strands  with  saparatiag  foundation.  (34).  Then  with 
aluminum  veins/strands.  (35).  Hire  flat/plare  with  ccpper 
veins/strands  without  separating  rcundation.  (36).  Then  with  aluminum 
v°ins/strands.  (37).  Hire  with  flexible  copper  vein/strand.  (38). 

Hire  with  especially  flexinle  ccpper  vein/strand.  (39).  4.  Ccrds  for 
domestic  electric  appliances.  (4C).  Cord  with  rubber  insulation 
twisted  with  filling  ir  ganerai/common/tctal  traid/cover  from  cottcn 
thread,  glossy  filament,  natural  cr  artificial  silk,  (41).  Cord  with 
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rubber  insulation  twisted  warn  tailing  in  hcse  rubber  shell.  (42). 
Cord  with  two  in  parallel  oy  packed  veins/strands  in  overall 
insulation  from  polych lc roviny 1  plastic  material.  (43).  Cord  with 
insulation  from  cotton  thread  cwin-corsd  with  in  parallel  packed 
veins/strands  in  general/ccmacn/total  braid/ccver  from  cotton  thread, 
glossy  filament,  natural  cr  artaracial  silk.  (44)  .  and.  (45)  .  Cord 
with  copper  veins/strands  wita  polychlorcviny 1  insulation  twisted  in 
po lychlorcviny  1  shell.  (46).  5.  wares  and  cables  with  aluminum 
veins/strands  for  preferred  use/application  it  agriculture.  (47) . 
Cable  with  polyvinyl  chlcri.de  arsulation  in  pclyvinyl  chloride  shell. 
(48).  The  same,  with  pclyaraylsre  insulation.  (49).  Hubter-ccvered 
wire  for  separator  on  weeden  foundations.  (50).  Cable,  which  is 
self-supporting  with  steel  caole  with  insulation  from  lightpreof 
plastic  material.  Cable  allows/assumes  effort/fcrce  230  kgf.  (51)  . 

The  same.  Effort/force  650  kgf. 
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Table  2-4.  The 
cn  a  number  of 


ranges  cr  the  sections  of  wires  and  cords  in  depending 
strands  ard  voltage. 


- 7n - 

~  T3T  ' 

f  Amiiuiomw  etMcaafl  mum. 

iMH.  apN  KOMMM44bUOM  MttapfUK«MUM,  0 

Mapu  opoao a«  ■  oiuypa 

Mucjo  mum 

210 

uo  | 

500 

2000  | 

2000 

Arw 

(*)  i.  npo 

\  '  i 

soda  a  uiHtjpu  e 

pesuHoeou  ueoji 

2.5 — 6 

AnH 

2.3 

_ 

— _ 

2.5—4 

_ 

Anp 

1 

2.5—400 

_ 

AllPTO 

1 

-- 

2.5—400 

2,5—400 

AITPTO 

2.  3.  4 

_ . 

2.5—120 

2,5—120 

_ 

AflPB 

l 

2,5-6 

— 

... 

AP 

1 

0.5  h  0.75 

... 

— 

— 

— 

AP n 

2 

0.5^0.75 

— 

— 

— 

nnpr 

2 

0.5—10 

— 

npu 

2 

— 

0.5-6 

— 

— 

np.  npr 

l 

— 

— 

0.75—400 

— 

1.5—185 

npr;i 

1 

— 

— 

0,75—70 

• _ 

— 

npji 

1 

— 

— 

0.75-6 

— 

— 

nPTo 

1 

— 

—  i 

1-500 

1-500 

— 

npTO 

2.  3.  4 

— 

—  ! 

1—120 

t— 120 

— 

nPB 

1 

— 

— 

0.75-6 

— 

— 

nprB 

1 

— 

0,75—6 

— 

— 

npBn 

2 

— 

0.5—6 

— 

— 

— 

UIP 

2 

0.5— 1.5 

— 

— 

— 

PKTM  . 

1 

— 

0.75—95 

— 

— 

— 

(A)?,  nposoda  c  p43UHOsou  uiOAtmued  a  MtmaAAunecKod  3  auburn  no  a  q6qaohk* 

npn,  npiun 

1.  2.  3.  4 

— 

— 

1—95 

— 

« 

Tnpa> 

1.  2.  3,  4 

— 

— 

1— to 

— 

— 

ATTIP* 

2.  3 

— 

— 

2.5-4 

— 

— 

e» 

•  ns.  nw 

1  3.  ycmoHOtOH* 
1 

me  npotoda  e  n 

OMlXAOpSOHUAOt 

oil  usoAHnuei 
0.75—95 

_ 

AnB 

l 

— 

— 

2.5—120 

-  j 

— 

nnB,  nnBC 

2.  3 

— 

—  ' 

0.75—4 

— 

— 

AnriB.  AnnBc 

2.  3 

— 

a— 

2.5-6 

— 

— 

yBr 

1 

.  _ 

1.5-25 

— 

— 

— 

ysor 

1 

— 

1.5-6 

— 

— 

— 

Motes:  1.  A  number  cf  strards  and  the  sections  cf  coupling 
cables  for  the  domestic  electric  appliances  were  shewn  in  Table  2-6 
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2.  ?our-strand  wires  of  models  PRTO  and  APRTO,  and  also 
twin-cored  and  thrae-strand  wares  cf  models  PFP,  FBShP  and  TPRF  are 
manufactured  with  zero  cr  that  grounding  with  veins/strands  whose 
sections  are  shown  in  Table  2-5. 

/ 

Key:  (1).  Brand  of  wire  and  cord.  J2)  .  Number  of  strands.  (3).  Ranges 
of  sections  of  strands,  urn*,  with  toainal  voltage,  V*  (4).  1.  Hires 
and  cords  with  rubber  insulatacr.  (5) .  and.  (6) .  2.  Rubber-covered 
wires  in  metal  shielding  snail.  (7).  3.  Elack  cables  with 
polychloro vinyl  insulaticn. 
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Table  2-5.  Sections  of  the  zexc  (grounding)  vsin/strand  of  the  wires 
Cf  models  PRTO,  APRTC,  B  BE,  BBSbE  and  TPEP. 


7T - 

Cflenc  ochomux  (Quaiix)  holt,  mm *  .  . 

1;  1.5 

2.5 

B 

6 

10;  15 

25,  35 

B 

70 

95 

OCneaae  ayjieaoa  (Maeu.vnauei)  mu- 

AM,  MM* . 

1 

1.5 

2.5 

4 

6 

10 

16 

25 

35 

Key:  (1).  The  section  ei  bases  (phase)  of  strands,  mm2.  (2).  Section 
of  zero  (grounding)  vein/stxand,  mm2. 
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Tabl=:  2-6.  R^coaffl^nd^d  brands  or  vires  and  ccrds. 


r  (HftOMtUAycuua  uipca 
apoaoApa 


np-soo  Anp.soo. 

riPB-500,  AnPB-500 


dp-3000 


flwi,  npr^ 


npr-500, 

nprB-500 


npr-3ooo 

riB 

AnB 


np.a 

npBfl 

nPTO-500 

AT1PTO-500 


nPTO-2000 

ATIPTO-2000 


l  *  OCWMUM  OftJUCTk  OpUMCHCMHB 

l^OcMTHTUbHbie  ■  cHJiovue  cerx  axyrpx  cyxm  x  cu- 
pux  noKemeHHft  x  axe  3AaxxA,  a  noxcapoonacHux  none- 
meuxxx,  ao  btophxhmx  uonxx  npx  xanpxKexxax  ao 
500  a  nepeueHxoro  x  1  000  a  nocToxxxoro  roxa 


J  OcaerxTeAbHue  x  cxnoaye  c«th  axyrpH  noueuteHxA  h 
■h«  saskhA  (c  HtrUiy.ibCHbiux  nepeHanpxxceHHXMH)  npx  xa- 
npaxce hum  ao  3  000  a  nepexe hhoto  icxa 

fib  BTopxxxbie  uenx,  peneAxue  uixtu  h  nynbThi,  pacnpe-< 
AenxTeAbUbie  iuxtbi  x  wxaipbi  npx  xanpxxceitiui  ao  500  a 
flepexexHoro  x  1000  a  nocroxHHoro  Toxa;  nPTJl  yno-r- 
pe&Merca  a  cnyxaxx,  xofAa  rpeOyerca  rxOxocTb  npoaoAa 

v CoeaHHeHxe  noaaHxexux  xacreA  xiexTpxxecxxx  *ia- 
uihh,  annapaToa  x  npxOopoa  BHyrpii  x  BHe  3AaHxA.  no 
craiixaM  ao  500  a  nepewexHoro  ii  1  000  •  nocToxx- 
xoro  -roxa 

(/JfJTo  me  nocrOHHHoro  hah  nepenexHoro  roxa  ao  3  000  a 
iVVjOcBeTHT&nbHbie  h  cKAosue  cetH  BHyTpx  noMeuioiuiA 
(cyxHx,  cbipux.  ocofio  cupwx,  c  napa.Mii  .xxxepa.ibiiux 
khcaot  x  uteAoxeA)  npx  Te.unepaType  oxpyxcaxuueA  cpepw 
He  BMuie  +40*  C.  ocaeTiiTe.ibxue  iuhtm,  nycxoBfaie  xiuhkh. 
3aKpbm>ie  uixacpu  ao  500  a  nepe.weHHoro  h  1  000  a  no- 
cTOXHHoro  Toxa  h  aah  BTopxBxyx  ueneA 
(j OcaeTHTeAbHbie  x  cKJTOawe  ceni,  BTopxxxue  uenx  crax- 
kob  x  MexaHiuMOB  npx  HanxiHH  xace.i  h  aity/ibcxx  ao 
500  a  nepeneHHoro  Toxa  x  1  000  a  nocioxHxoro  roxa 
(/f)  OcBeTMTBAbHue  cerx  a  cyxxx  x  oranAKaaeMwx  nowe- 
uteKKflx 

(ef?)  OcBeTHTejibHue  x  CHAoBUe  cent  bo  B3puBOonacxbix 
noMemexHXx;  npoBoaa  MapxH  riPTO  —  rax*#  no  bhCpii- 
pyxxuxM  noeepxHOCTXM  MaiuxH,  arperaioa  x  xpaxoa 
b  CAyxaxx,  xoraa  BcxpuTxe  TpyQanpoaoAoa  npeACTaa-ixeT 
OoAbuixe  TpyAxocTK  (Hanpwxep,  npox.iaAxa  xpyfi  noA 
xyAOAcecrseHHoA  oOahuobkoA),  a  raxxce  ao  jtophhhwx 
uenxx  ao  500  a  nepeueHHOra  x  t  000  a  nocroxHHoro  Toxa 
nM)OcaeTXTeAbXbie  x  chaobuc  cent,  BTopMxxue  uenx 
(c  xunyAbCHbiMH  nepexanpxxceHXXMx)  ao  2  000  *•  nepe- 
MexHoro  toxa 


'  CoocoB  gpouau 


-  B  H30AXUM0HHUX  TpyOxax,  xa 
pOAxxax.  xaoAaropBx  u  xAimax. 
no  MeTaAAHiecKXM  x  Octohkum 
noaepxxocTKU  c  npoxnaAKoA  noA 
npoaoAa  ujoAxpyioiuHx  uaiepua- 
aob 

6>Jb  CTXAbXbix  TpyOax,  uera.-i- 
AuxecKMX  pyxaaax,  xa  x30axto- 
pax 

f^OTxpbito  no  naHeAxM  a  cxpu- 
to  *  xopoOax 


(fO  B  HeraAAHxecKxx  pyxaaax 

tf\o  « 

//SJ  B  rpyfiax,  xa  poAxxax.  X30- 
AHTopax  ii  x.itmax,  no  uer a.i.ix- 
XeCKIIM  H  fieTOHHhIM  noBepxHO- 
ctxm  e  npox.iaAxoA  noA  npoao- 
Aa  H30AHpyK>lUHX  MaTepxaAOB’ ' 

Tpyfiax  a  Meia.iAHMecxHX 
pyxaaax 

^ka  poAxxax 

^Jb  craAbHux  Tpytiax  x  ueraA- 
AxxecxHx  pyxaaax 
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pKrc 

AflH 
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nnBc. 

AnnBc 

yar.  yBor 

UIBPOj 

2X0.5  aut* 

2X0.75  mm? 
2X1  ««' 


OcMnrrun.Hu* 


CHJiosue  cetH,  BTopmiHU*  utna 


ctbhxob  a  MexaHHiMO*  apH  hbahhhh  abi-mu  uexaKHae- 
caax  BOsaeAerBHft  hb  npoBOA  h  oTcyicTBHH  aosAeAcrsHA 
hb  npo»oj  uace.i  h  auyjibCHH  ao  500  a  nepeueHHoro  h 
L 1  000  a  nocrouHHOro  tokb 

•<«?>£)  OcBeTtrtMbHue  a  citAOBue  c*th,  BtopHHHue  uena  uoc- 
TOBUX’  xpBHOB,  3KCKBBBTOPOB,  MBU1HH  H  MeXBHH3MOB  npH 
HBAHMHH  MCXaHHHCCKHX  B03ACftCTBHft  HB  fipOBOA  K  OTCyT- 
CTBHH  B03ACACTBHA  MBC6.1,  BMyAbCKA  If  T.  A.  AO  500  0  I}6 
| ipeiieHHoro  h  1  000  a  nocTOHHHoro  tokb 

jf?<yOCB«THTe.1bHhle  H  CHAOBUe  ceni  B  CJ'XHX  nOMeiUCHHSX 
npH  HB.1H4HH  nencitx  mcxbhhhcckhx  BosAei'icTBHfl  Ha  npo- 
boa  (HanpnMep,  nposoAKii  a  .lecTHHHHux  K-ieTKax),  a  Tax- 
ace  b  Tex  cnyianx.  xorAa  orxpuTyio  npoBOAxy  no  apxrreK- 
TypnuM  cooOpaaceHHBM  Bbino.iHHioT  h  e  3  a  m  ct  h  o  ii  (x-iyOu, 
xmho,  TCBTpu,  My3en  h  t.  n.)  ao  500  a  nepeueHHoro  m 
.1  000  a  nocroHHHoro  tokb 

jVO)  3*psA*a  ocaeriiTe.-ibHux  apvaTvp  b  cvxhx  noueme- 
hhhx  npn  HanpaaceHHH  ao  220  a  mokav  hchabmh  b  tom 
ciyxae,  ecnH  at  npoaoaoe  He  rpefiyercH  thOkocth 


M* 


BpflAKB  OCBeTHTe-TbHUX  BpMBTVp  BK0  SASHKA 
■  cupux  noMemeHHHX  npn  HanpHHceimii  ao  220  a  b  tom 
cnvMae.  ecAii  npoBoaa  ao.dkhu  oO.iaaaTb  rwdKocTbW 


te'S  ripHCoejHiiemie  noABiiaciiux  3.ieKTponpneMmiKOB  b  cy-t3®JOTnpuTO 
xhx  noMeiuemmx  k  ccthm  c  HOMHHa.ibHUM  HBnpaaceHHeM  | 
ueauy  acHnauH  ao  220  a 
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CXOdXBMH 
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Oncpuio 

cko6k«uu 
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aatcpeiutemieM 


& 

BHyTpn  h  noaepx  ocBeTine.ib- 
hux  apuaTyp.  xposie  cseni.ibHii- 
kob  c  .noMiiHecueiiTHWMif  -ia.u- 

LnauH 

H^jBwyTpn  ocaeTHTe-ibHofi  apcia- 
Typu.  xpoMe  cBerii.tbKiiKoo  c 
,vo\tmiccueiiTHbiMH  .laxina.Mii. 


^^Buboau  3.ieicrpoABnraTe.ieA  c  nosuuieHHoA  reMnepa- 
TypoA.  npoKnaAKH  b  ycTaHOBKax,  TpeOywiuKx  reruocTOH- 
KOCTH  AO  180*  C  B  cernx  c  HOMHHaAbHUM  HanpaaceHHeM 
ao  380  o 

1^^  OcBCTHTenbHUe  csth  k  cbth  mc.ikhx  chaobux  Harpy- 
jok  (ao  l  xor)  a  cyxHX  h  cupux  noMeiueHHsx  no  cTeHaM 
m  noTOAxau  a  ccthx  c  HouHHa.ibHuu  HanpHaceaeu  ao 
380  0  ■ 

^^^OcseTHTuibHue  Cera  snyrpH  nouemeHHH  no  creaau  h 
nOTOjncau  i  cyxHX  u  cupux  noueuieHHfu 


a  Tpy6ax,  a  MeTSJi* 
/ihhcckmx  pyxaeax 


m 


o  ace 


B  noneaux  ycaoBHxx 


Aopoacaux  ynoroa,  ueAHUHHCKKx  rpenox  h  back- 
TpOOBBJIbHMKOB 
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6^)Am  ynoroB  cumi  600  ar 


OTKpUTO 


Otxputo  h  cxpbrro  (noA  urry- 
KITypxOA  HAH  B  CTpOHTe-IbHUX 
KOHCTpyKUHHX) 

^ticpuTo  hoa  arTyKarypKoA  hah 

CTpOHTMbHUX  KOHCTpyKUHHX 


HKCHpOBBHHBH  ffpOKAB  AKB 
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3X0.75  mm* 

nepeaocHux  sjieKTponpHCopoB  b  ycncsKax,  rp«* 
SytouiHx  aaaeur.eHua  ajiexrponpHOopa 

/ySJl In*  HacTo.ibHux  xaun,  schth^xtopob,  dpepHteacax 
OTpaxtarexeA,  re.ieBHaopoB,  uejiHUUHCXHx  pe^jiexropoB 

Una  Hacro.ibHbix  .iaMn,  njmTOK,  msAkhkob,  KOtpeftHH- 
kob.  xacrp io.ib,  ya.iHHHie.iefi,  TweBHaopos  m  TpaHcipopMa- 
TOpOB  K  CblTOBblM  (ipHpOpaM 

— 

UiriPO: 

2X0.5  mm * 

2X0.75  mm*  ( 

UIBPU1: 

2X0.75  mm* 

xo.ioflH/ibHtiKoa,  nbiaecocos,  BAetcTpononoTepoB, 
CTUpaJIbHbIX  MaiiiHH  H  yaaHHHTMefl 

— 

2Xt  mm* 

6^)jUa  juihtok  csbJiue  600  ar 

— 

3X0.75  mm* 

^/93llna  xo.ioan/ibmiKOB,  nmiecocoB.  sieKTpono.iorepoB. 
cnipaJibMhix  MauiHH  h  yA.itiHHTe.ieft  b  ycnoBHHX,  TpePym- 
uihx  aaaebuieHHH  saeM-poiipiiGapa 

Oil.ia  nxHTOK  cBbiuie  600  ar  b  yciioBaax,  rpeflywuiHx 
aaaeMXCHHa  - 

3X>  mm* 

UinB: 

2X0.35  mm* 

(S/jRna  afioHCHTCKHx  rpoMKorosopHTeaeft  h  s-iexipofipHTB 

2X0.5  mm* 

y^Rna  paAHonpueMHHKoa,  re/ieBitaopoB,  paaiiorpasmo- 
ipoHOB,  3-ieKTponpoHrpbiBaTeaeft  h  siarHHToipOHos 

” 

2X0.75  .m** 

To  ace 

— 

UinO  2X0.35  *.4* 

(SQl Inn  afioHeiiTcxHx  rpouKOroBopareneA 

— 

UIBBIU  3X0.35  *** 

^V)K  BJicicrpHHecKHM  uauiHHxaM  xuia  crpnatKH  aoaoc 

— 

Key:  (1).  Recommended  brands  or  wires.  (2).  Fundamental  field  of 
application.  (3)  .  Hethca  of  separator.  (4)  .  Lighting  and  power 
networks/grids  cf  inside  dry  and  damp/crude  locations  and  out  of 
buildings,  in  flammable  lccaticrs,  in  secondary  circuits  with 
voltages  to  500  V  of  variable/alter nating  and  1000  V  of  direct 
current.  (5).  In  insulating  tunes,  on  rollers,  insulators  anc  cleats, 
over  metallic  and  concrete  surfaces  with  separator  for  wires  cf 
insulating  materials.  (6).  Lijnting  and  power  networks/grids  indoors 
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and  out  of  buildings  (with  pulse  overvoltage s)  with  voltage  to  3000  V 
of  alternating  current.  (7).  In  steel  tubes,  netallic  hoses/pipes,  on 
insulators.  (8).  Secondary  circuits,  relay  panels  and  panels, 
distributing  frames  anc  canicets  nth  voltage  to  500  V  of 
variabla/alfernating  and  10C0  V  cf  direct  current;  PRGL  are  used  in 
cases  when  is  required  flexibility  of  wire.  (9) .  It  is  opened  on 
panels  and  it  is  hidden  in  aucts.  (10).  Connection  cf  moving  elements 
cf  electric  machines,  apparatuses  and  instruments  inside  and  out  of 
buildings,  on  machine  tccls  tc  500  V  of  variatle/alternating  and  1000 
V  of  direct  current.  (11).  It  metallic  hcses/pipes.  (12).  The  same, 
of  direct  or  alternating  current  tc  3000  V.  (13).  The  same.  (14). 
Lighting  and  power  net wcrks/yrias  indoors  (dry,  damp/crude,  very  dry, 
with  vapors  of  mineral  acids  anc  alkalies)  at  ambient  temperature  not 
are  higher  than  ♦40°C,  lightiny  panels,  starting/launching  cabinets, 
closed  cabinets  to  500  V  of  vaxiable/altsrnating  and  1000  V  cf  direct 
current,  also,  for  secondary  circuits.  (15).  In  tubes,  on  rollers, 
insulators  and  cleats,  ever  metallic  and  concrete  surfaces  with 
separator  for  wires  of  insulating  materials.  (16).  Lighting  ard  power 
networks/grids,  secondary  circuits  of  machine  tcols  and  mechanisms  in 
presence  of  oils  and  emulsicn  tc  500  7  of  alternating  current  and 
1000  V  of  direct  current.  (17).  In  tubes  and  metallic  heses/pipes. 
(18).  Lighting  systems  in  dry  and  oeated  locations.  (19).  On  rollers. 
(20).  Lighting  and  power  aetwer its/grids  in  dargerously  explosive 
locations;  wire  cf  model  P810  -  also  ever  jarring  surfaces  of 
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machines,  agg regates/u nits  and  taps/cranes  in  cases  when  opening  of 
condu its/aani folds  presents  great  difficulties  (for  example,  tubing 
under  artistic  casing)  ,  and  also  in  secondary  circuits  to  500  V  of 
variable/alternating  and  1000  V  of  direct  current,  (21).  In  steel 
tubes  and  metallic  hcses/pip  es.  (22) .  Lighting  and  power 
networks/grids,  secondary  circuits  (with  pulse  overvoltages)  to  2000 
V  of  alternating  current.  (23).  Lighting  and  power  networks/grids, 
secondary  circuits  of  uacnine  tccls  and  mechanisms  in  presence  of 
light  mechanical  affects  cn  wire  and  absence  cf  effects  on  wire  of 
oils  and  emulsion  to  50G  V  cf  variable/a Iter nating  and  1000  V  of 
direct  current.  (24)  .  It  is  opened  with  attachment  by  brackets.  (25)  . 
Lighting  and  power  net wcrxs/ grids,  secondary  circuits  cf  bridge 
cranes,  excavators,  machines  and  mechanisms  in  presence  of  mechanical 
effects  on  wire  and  absence  cf  effects  of  oils,  emulsions  and  the 
like  to  500  7  of  variatle/alter rating  and  1CCC  V  of  direct  current. 
(26).  Lighting  and  pcwer  netwcr xs/crids  in  dry  lccaticns  in  presence 
of  light  mechanical  effects  cn  wire  (for  example,  wiring  in 
staircases),  and  also  wnen  open  wiring  for  architectural  reasons  is 
fulfilled  by  imperceptible  (clc uds/clubs/puf f s,  cinema,  theaters, 
museums,  etc.)  to  500  V  cf  var iable/alte rna ting  and  1000  V  of  direct 
current.  (27) .  Charging  cf  fittings  in  dry  lccaticns  with  voltage  tc 
220  ?  between  veins/strards  in  such  a  case,  when  of  wires  it  is  not 
required  for  flexibility.  (28).  kithin  and  above  fittings,  besides 
illuminating  lamps  with  fluorescent  lamps.  (2S)  .  Charging  of  fittings 
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out  of  buildings  and  in  damp/crude  locations  with  voltage  to  220  V  in 
such  a  case,  when  wiras  must  possess  flexibility.  (30).  Within 
fittings,  besides  illuiricatinj  lamps  with  fluorescent  lamps.  (31). 
Connection  of  movable  electrical  receivers  in  dry  locations  to 
networks/grids  with  nominal  vcxrag*  between  veins/strands  to  220  V. 
(32).  It  is  opened.  (33).  conclusicn/output  of  electric  motors  with 
elevated  temperature,  separator  in  installations,  requiring  heat 
resistance  to  130°C  in  networ xs/grids  with  nominal  voltage  to  380  V. 
(34).  It  is  opened  in  tubes,  in  metallic  hoses/pipes.  (35).  lighting 
systems  and  networks/grids  or  fine/small  power  leads  (to  1  kW)  in  dry 
and  damo/crude  locations  on  walls  and  ceilings  in  networks/grids  with 
nominal  voltage  to  380  V.  (36).  Lighting  systems  indoors  on  walls  and 
ceilings  in  dry  and  damp/cruda  locations.  (37).  It  is  opened  and  it 
is  hidden  (under  plastering  or  in  structures).  (38).  It  is  hidden 
under  plastering  or  in  structures.  (39).  Onder  field  conditions. 

(40).  Fixed/recorded  separator.  (41).  For  read  irons,  medical  heaters 
and  electric  soldering  irons.  (42).  For  irons.  (43).  For  irons  it  is 
more  than  600  w.  (44) .  For  movable  electric  appliances  under 
conditions,  which  require  grounding  of  electric  appliance.  (45).  Fcr 
■►able  lamps,  fans,  spherical  reflectors,  television  sets,  medical 
reflectors.  (46).  For  table  lamps,  blocks,  teapots,  coffee  pots, 
cockers,  extenders,  television  sets  and  transformers  to  household 
devices,  (47).  Fcr  coolers,  vacuum  cleaners,  electric  polishers, 
washing  machines  and  extenders.  (4b) .  For  blocks  it  is  more  than  600 


,A 
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w.  (4  9).  Fcr  coolers,  vacuum  cleaners,  electric  polishers,  washing 
machines  and  extenders  ucder  conditions,  which  require  grounding  of 
electric  appliance.  ( 5 C ) .  ter  clocks  it  is  acre  than  600  H  under 
conditions,  which  require  grounding.  (51).  Fcr  user  loudspeakers  and 
electric  razors.  (52).  Fcr  radio  receivers,  television  sets, 
radio-phenegraphs,  electric  record  players  and  magnetic  recorders. 
(53).  For  user  loudspeakers.  (54).  To  electrical  ty pewriters/machines 
for  hair-cutting  of  hair. 
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i  2-7.  Selection  of  tna  ic:iica  of  wiring  in  the  lighting  system 
“Pending  cn  tha  corditicns  cf  medium. 
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OrupMfve  iieno- 
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K®y:  (1).  Characteristics  cr  locations*. 

FOOTNOTE  *•  ♦  -  it  is  recoaaeaded;  x  -  is  allcwed/assumed 
forbidden  or  use/application  inexpediently.  INDfOOTNOTE. 


(2).  Miring.  (3).  Mires  *, 
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FOOTNOTE  2.  Cables  and  wires  with  the  polychlorcviny 1  or  polyvinyl 
chloride  insulation  and  the  shell  (APV;  APR? ;  A VRG ;  AVVG,  etc.)  apply 
instead  of  wires  and  india-rubber  cables  with  the  medium,  agressive 
with  respect  to  rubber  (with  tne  pcssibility  cf  the  effect  of  oils, 
emulsion) ,  in  the  damp/crude  and  especially  damp/crude  locations,  and 
also  with  the  chemically  active  medium.  In  the  external  wirings  are 
applied  the  rubber-covered  wires  (APB) ;  the  cafcles  cf  brands  AVRG, 
AVVG  it  is  necessary  to  protect  item  the  straight/direct  solar 
rays/beams.  ENDFCOTNOTF . 

(4) .  Method  of  separator.  (5) .  try  normal.  (6) .  Flammable.  (7) . 
Dangerously  explosive.  (8).  Administrative  and  everyday.  (9). 
Production.  (10).  Humid.  (11).  Eamp/crude.  (12).  Especially 
darap/cruda.  (13),  Dusty.  (14).  fcot.  (15).  lith  chemically  active 
medium.  (16).  External  wirings.  (1/).  Garrets.  (18).  Opened  by 
incombustible  and  nonflaimatle  ccnstructions/designs  and  over 
surfaces  on  insulating  supports,  (19).  On  relists.  (20).  Then.  (21). 
On  insulators.  (22).  Bare.  (23).  Open  string  and  cable.  (24), 
Reversing.  (25).  On  drop.  (26).  On  cable.  (27).  Opened  it  is  direct 
by  incombustible  and  nccflammacle  ccnstructicns/designs  and  ever 
surfaces.  (23)  .  In  PVC  plastic  tubes.  (29)  .  It.  paper-  metallic  tubes. 
(30).  In  steel  water-gas  conducting  usual  tubes.  (31).  In  steel 


I 


J 
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water-gas  conducting  thii-walled  tubas.  (32).  In  steel  electric 
welding  tubes.  (33).  Opened  it  is  direct  by  incombustible  and 
nonflammable  construct ic rs/desi g ns  and  ever  surfaces.  (34).  In  ducts 
and  chutes/trays.  (35)  .  Cn  clamps.  (36).  By  glueing  or  on  nails. 

(37) .  Opened  by  combustible  ccnstructions/dasigns  and  over  surfaces. 

(38) .  Hidden  in  incombustiole  walls,  overlaps  acd 

constructions/designs.  (39).  in  polyvinyl  chloride  or  polyethylene 
tubes.  (40).  In  rubber-bitumen  tubes.  (4  1).  Then  in  thin-walled 
water-gas  conducting  tubes.  (42).  Than  in  electric  welding  tubes. 

(43).  In  locked  channels  of  structures  and  under  plastaring.  (44).  By 
method  of  monolithizaticn  in  structure. 


POOTNOTB  3.  Is  allowed/assumed  separator  on  the  rollers  for  the 
damp/crude  places. 

*.  It  is  allowed/assumed  in  places,  shielded  from  direct 
incidence/iapingement  of  residues/settlings,  cn  rollers  -  for 
damp/cruds  places. 

s.  Is  permitted  separator  on  rollers  only  fer  non-industrial 


cf  buildings  at  height/altituda  of  separator  net  less  than  2.5  m,  but 
on  insulators  -  for  any  buildings. 
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flirts  must  t€  distanx  from  places  of  accumulation  of 
fuels  and  unavailable  fcr  aecaanical  effects. 

7.  Is  recommended  wire  cf  model  ASV  for  entrances  in  rural 

locality. 


9.  Is  allowed/assuaed  during  use/ap pli cation  of  drop  or  dew 
from  materials,  immune  tc  corrcsicn. 

Separator  can  be  fulfilled  in  the  absence  of  possibility 
cf  mechanical  and  chemical  effects. 

10.  It  is  allowed/assumed  in  the  absence  of  the  dust,  which 
forms  with  the  moisture  cf  tbs  connections,  which  destroy  these 
operating  on  metallic  shell. 

**•  Is  permittee  separator  for  the  locations  in  the  rural 
localities. 

Por  the  locations  cf  tae  classes  V- I  and  Via  it  is 
applied  wire  and  cables  witn  tbs  ccpper  veins/strands. 


DOC 


30040302 


PAGE 


Notes:  1.  The  technical  fleers  airtight  buildings  are  ones 
without  skylights  are  considered  as  the  production  locations  (but  not 
garrets)  . 


2.  For  concealed  wiring  in  dry  and  humid  locations  is 
allowed/assutned  separator  of  chin-walled  electric  welding  tubes  under 
condition  of  connection  by  chair  clutches  on  knurl  thread. 

*3.  Tabla  is  borrowed  iron  [23],  ENEFCCTNOTE. 


Page  42. 

The  current-carrying  veins/strands  of  wires  single-wire  and  stranded 
(flexible)  are  manufactured  from  tne  round  copper  or  aluminum  wire. 

The  wire  insulaticn  ana  cords  is  manufactured  from  rubber  or 
po lychlorovinyl  plastic  xaterial.  As  the  shielding  deposit  of  wires 
and  cords  with  the  rubber  insulaticn  serves  tfce  braid/cover  from 
fibrous  materials,  saturated  or  not  saturated  with  imputrescible 
composition.  Mires  and  ccrds  wicn  the  polych lcrcvin yl  insulation,  as 
a  rule,  are  manufactured  without  the  shielding  deposits. 

The  enumeration  of  tne  brands  of  wires  and  cords  with  the  rubber 


and  pclychloroviny 1  insulaticn  is  given  in  Tables  2-3, 


and  tfce  ranges 
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of  sections  *  2-4. 

When  selecting  cf  the  cranes  cf  wires  and  ccrds  should  be  been 
guided  by  designation/Furpose  their,  operating  voltage  and 
environmental  conditions. 

Table  2-6  gives  recommendations  by  choice  cf  wires  and  ccrds 
with  the  rubber  and  pc  1 ycnlorc vinyl  insulation. 

Table  2-7  gives  recommendations  by  choice  of  the  method  of 
separator  for  the  lighting  systems. 

2-3.  Power  cables. 

Power  cables  are  intended  for  transmission  and  distributing 
electrical  energy  under  tne  aost  diverse  conditions  of  separator  (in 
the  earth/ground,  under  water,  an  the  open  air  and  indoors). 

The  current-conducting  veins/strands  of  power  cables  are 
manufactured  from  aluminum  cr  electrolytic  ccpper.  The  sections  of 
the  aluminum  and  copper  current-ccrducting  veins/strands  are  received 
as  standard  ones.  In  fera  the  current-conducting  veins/strands  are 
divided  into  the  circular  ones,  trie  segmental  ones  and  the  sector 


ones 
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Power  cables  are  manufactured  with  the  paper,  rubber  cr  molded 
insulation  of  strands,  ifca  micxaess  of  insulating  layer  depends  cn 
the  section  of  7 eins/str anas  ard  nominal  voltage  cf  cable. 

For  the  protection  cr  isolation  from  the  moistening  and  the 
chemical  effects  of  the  environment  power  cables  are  covered/coated 
with  shell  of  aluminum,  lead,  polyvinyl  chloride  or  incombustible 
rubber . 

For  the  preservation  from  the  mechanical  damages  serves  the 
armor,  fulfilled  from  the  steel  tapes  or  the  circular  steel  wires. 
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Fig.  2-4.  Two-core  cable,  a)  wizn  the  round  veins/strands;  b)  with 
the  segmental  veins/strands. 

Page  43. 

The  cables,  run  in  taw  eartn/ground ,  above  the  armor  are 
covered/coated  with  external  shielding  shell  cf  the  cable 
braid/cover,  saturated  wita  bituminous  composition,  which  shields 
cable  armature  from  the  corrosion. 

The  constructions/designs  cf  cables  with  the  paper  insulation 
are  represented  in  Pig.  2-4- 2-9,  and  with  the  rubber  insulation  -  in 
Fig.  2-10  and  2-11. 

The  enumeration  of  frauds  and  the  range  cf  the  sections  of 
cables  to  10  kV  are  given  in  Tarla  2-8. 


Curing  the  designation  of  cables  are  accepted  the  following 
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conditional  letterings  (are  explained  in  the  order  their  sequences) : 

Jfetter  "A",  set  in  tna  beginning  of  designation,  a  cable  with 
aluminum  veins/strands  (cable  with  the  copper  veins/strands  dees  not 
have  special  designation  and  differs  froa  cable  with  the  aluminum 
veins/strands  in  terms  of  me  arsence  of  letter  "A"  in  the  beginning 
of  designation)  . 

Letter  "Ts"  -  the  ccr  disenarging  saturating  paper  insulation 
composition  on  the  base  of  certeSin-80  (oil-rcsin  saturating 
composition  is  characterized  by  ma  absence  of  letter  "Ts"  in  the 
designation  of  cable). 

Insulation  of  strards  of  cable: 

P  -  polyethylene; 

V  -  PVC; 

B  -  rubber. 
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not  armored  of  brand  SEG;  bj  armored  with  the  external  deposit  of 
brand  SRB. 

Page  45. 


The  separately  hose-covered  cr  covered  with  metal  shells  cable 
cores  are  designated  by  latter  "C". 

The  material  of  cable  sheathing: 

A  -  aluminum; 

S  -  lead; 

V  -  nolychlorovinyl; 

N  -  incombustible  rubber. 

Index  HgvM  designates  cte  fluted  shell  with  the  polychlorovinyl 
hose,  letter  "Sh"  -  aluminum  shell  with  the  ccld-welded  joint. 

The  shielding  deposits  of  cade  have  designations  according  to 
GOST  7006-62; 

B  -  armor  of  two  steel  tapes  with  the  shielding  external 


deposit ; 
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EG  -  armor  of  two  steel  tapes  without  the  external  deposit; 

K  -  armor  from  the  circular  steel  zinc-ccated  wires  with  the 
shielding  extarnal  deposit; 

KG  -  armor  from  the  steel  circular  zinc-coated  wires  without  the 
external  deposit. 

Letter  "T"  at  the  end  of  tae  crand  designates,  that  the  cable  is 
intended  for  the  separator  in  the  tubes  cr  the  blocks. 

Designations  IK  and  2K  indicate  the  presence  in  the  cable  of  one 
cr  two  pilot  wires. 

For  example,  brand  ATsABG  designates:  pcwer  cable  with  aluminum 
strands  (A)  with  the  paper  insulation,  saturated  with  non-flcwing 
mass  on  a  ceresin  base  (3s)  ,  in  aluminum  shall  (A)  ,  armored  by  two 
steel  tapes  ( B)  ,  without  the  external  deposit  (G)  .  Cable  of  brand  SK 
-  power  cable  with  the  ccpper  veins/strands  with  the  paper 
insulation,  saturated  witn  cii-rcsin  composition,  in  the  lead 
covering  (S) ,  armored  by  the  steal  round  zinc-ccatad  wires  (K)  with 
the  shielding  external  aeposit. 
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Cables  with  the  paper  saturated  insulation  in  the  aluminum  shell 
are  manufactured  according  to  GCSi  6516-55,  in  the  lead  covering  - 
according  to  GOST  340-56,  incia-rutber  cables  -  according  to  GOST 
433-56.  Cables  power  with  tne  plastic  insulation  in  the  plastic  shell 
are  manufactured  in  accordance  with  the  technical  specifications  HRT0- 
2-4  3-61,  MRTU-2-43-13-6  1  and  1UK  E-  127-67  . 

The  basic  areas  of  employment  of  the  basic  power  cable  brands, 
depending  on  environmental  conditions  and  methods  of  laying  are 
presented  in  Table  2-12. 
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Table  2-8.  The  assortment  oi  tower  cables 
section  of  those  conducting  current  cores 


on  the  brands,  to  the 
and  to  nominal  voltage. 


(ai 

<b) 

|  ( Q)  Homnhmmoc  iianpuweH,*.  «* 

Mapua 
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10 
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1 

_ 

35-800 

6 — 625 

10-185 

16—185 

2 

— 

35—150 

_ 

_ 

3 

— 

35—240 

6—240 

10—240 

16-240 

A 

4 

— 

35—185 

— 

— 

— 
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1 
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35-800 
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10—185 

t6— 185 

AABT 

2 
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35-150 

— 

— 
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3 
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35—240 

6-240 

10—240 

16—240 

4 

— 

25—185 

— 

— 

— 

AArr» 

3 
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35—240 

6-240 

10-240 

16—240 

AAB-IK. 

AAB-2K 

1 

— 

185—800 

i  - 

— 

— 

ACrT 

3 

— 

35-240 

|  4—240 

10-240 

16—240 
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l 
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6—625 

10—185 

16—185 

2 

1  35—150 

— 

_ 

— 

3 
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35-240 

|  4—240 

10-240 

16—240 

4 

— 
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— 
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— 
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2 
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2.  KaSe.m  e  SynaxcHoZ  U30Atitiueu,  nponumaHHOi 
HtcmtKAnwfiii  Maccoii  ho  denote  nepezuna 
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Continuation  Table  2-8. 
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— 
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— 
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— 
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2 
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MM 

— 
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3 
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AnOBB, 
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3 
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1;  2;  3 
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MM 

BBT-T, 
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1.5—240 

— 

—■ 
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Continuation  Table  2-8. 
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ABBr-T 
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1;  2;  3 
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— 
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A3BB-T. 

ABBBr-T 

4 

2.5-240 

' 

— 

‘ 

BBr-T 

5 

— 

1.5 — 25 

— 

'  — 

— 

ABBr-T 

5 

— 

2.5-35 

—  . 

— 

— 

ABBr. 

2 

2.5-6 
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AI1BT 

3 

4—16 

— 

— 

— 

•  — 

teHHhie) 

4 

4—50 

_ 

5 

6—50 

— 

— 

_ 

— 

6 

16-50 

_ 

_ 

_ 

_ 
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1  16— o0 

— 

— 

— 

—  . 

AflAnB, 

ABAflB 

3 

_ 

— 

— 

10 — SO 

/g|(o«J«er- 

Lple-cores  caole  with  the  plastic  and  rubber  insulation 
0.66  kv  can  be  prepared  kith  tne  supplementary  grounding  or  zero 
vein/strand. 


Key:  (a).  Cable  make-up.  (n)  .  humoer  of  cores,  (c).  Nominal  voltage, 
kv.  (d).  Range  of  sections,  mm«.  (1).  cables  with  paper  insulation, 
saturated  with  oil-rosin  composition.  (2).  Cables  with  paper 
insulation,  saturated  with  not  aischarging  mass  on  base  of 
ceresin-80.  (3).  Cables  with  paper  insulaticn,  saturated  with 
cil-cosin  composition,  in  aluminum  shell  with  cold- welded  joint.  (4). 
India-rubber  cables.  (5).  Canies  with  molded  insulation.  (6). 
facilitated. 
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fabla  2-9.  The  section  of  z8io  ones  or  grounding  cores  of  power 
four-wire  cables. 


(a) 

CceiiH* 

OOlOdHMX 

XI4.  MM* 

l  b)  Cntimt  nyjf»o4  lun  jucuJaioQeD  miUM.  mm* 

c  flyM.iwiioA  momnuti 
■  aUt  leHHtic  kj6*ah  c  iuict* 
waccosoA  uojiauinB 

„  (4) 

c  pejHHoaofl  ■  mxt- 
mccoaoA  utuimaeS 
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1 

1.5 

— 

1 

2.5 

— 

1.5 

4 

2.5 

2.5 

6 

4 

4 

10 

6 

6 

16 

10 

10 

25 

16 

10 

35 

16 

10 

50 

25 

16 

70 

25 

25 

95 

35 

35 

120 

35 

35 

150 

50 

50 

185 

50 

50 

Key:  (a).  The  section  of  bases  of  cores  aa*. 
grounding  vein/strand,  in2,  (c) .  Cables  with 
sheathed  cables  with  aolded  insulation,  (d) . 


(b).  Section  of  zero  or 
paper  insulation  and 
Cables  with  rubber  and 


molded  insulation 
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Table  2-30.  The  section  of  zero  ones  and  grounding  cores  of  power 
cables  3-3  kV  with  the  melded  insulation,  in  Flastic  shell 
(TUKP- 3  27-67)  . 


II)  HMawiMe*  c«mi«,  jui* 


IX)  1 

OCMOWOt  MMAU  1 
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6 
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4 

4 
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6  r  10 
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6 
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16 
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10  h  16 
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10 

25 
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16 
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16  a  35 
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50 
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— 

— 

70 

35 

35  a  TO 

— 
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96 

50 
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— 
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70 

70  a  120 

— 

— 

150 

70 

70 

— 

— 

185 

95 

95 

— 

— 

240 
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— 

— 

Notes.  3.  Four-wire  caoles  ox  brands  AVVG-T  and  VVG-T  to  voltage 
3  kV  for  lighting  systems  wita  fluorescent  lamps  are  manufactured 
with  veins/strands  of  one  section. 


2.  Five-vein/five-strand  caoles  have  four  fundamental  cere  of 


identical  section  and  grounding  veins/strands  smaller  sections 


DOC  =  30040303 


PAGE 


f* 


Power  cables  with  the  paper  insulation,  saturated  with  oil-rosin 
composition,  without  the  special  davices/equipment  (stop  clutch)  are 
applied  for  the  separator  in  tne  sections  of  route  with  the 
difference  in  two  any  points  or  end  preparings,  which  does  net  exceed 
the  values,  indicated  in  Janie  *-11. 

Key:  (1).  Nominal  section,  aa2.  (2).  fundamental  vein/strand.  (3), 
zcro  (fourth)  vein/strand.  (4)  .  the  grounding  (fifth)  vein/strand. 

(5)  .  copper.  (6)  .  aluminum. 

Page  50. 

For  the  vertical  run  are  released  power  triple-cores  cable  with 
the  insulation  from  the  paper,  saturated  with  the  net  discharging 
mass,  on  the  base  of  ceresm-dO.  cables  are  manufactured  per  TU  4-61 
and  can  run  itself  on  the  vertical  and  sharply  inclined  routes 
without  the  limitation  of  the  value  of  a  difference  in  the  levels  of 
the  upper  and  lower  points  of  the  route  of  cable. 
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7”able  2-11.  Maximum  permissible  difference  in  the  levels  of  two  any 
points  or  end  preparings  with  tne  separator  cf  power  cables  with  the 
paper  insulation,  saturated  with  cil-rosin  ccnFcsition. 
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1  H  3 

,  25 

6 

<«■)  20 

((b)  1  Ka  c  ii 30.i suite h  m  npeusapHT&ibHO  nponn- 

He  orpaHRMBBa- 

T3UUOU  Oyuaru 

erca 

2.  Ka6c.iH  a  cbhhuoboA  o&Moqice  Ha  Hanpa»e- 
ftae,  xa: 

(  »'  1  R  3  He  CpOHIIpOBIHHbie 

20 

1  H  3  6pOHIipOB3HHUe 

25 

(at)  6  r  io 

15 

Key:  (a).  Characteristic  of  cables,  (b)  .  Maxima  peraissible 
difference  in  levels,  a.  (1).  Cables  in  aluainua  shell  to  voltage, 
kV.  (1  A),  and.  (1b).  1  x V  witn  tne  insulation  froa  the 
ore-impregnated  paper.  (1c).  It  is  not  liaited.  (2).  Cables  in  lead 
covering  to  voltage,  kV.  (2a).  1  and  3  net  araored.  (2b).  1  and  3 
armored.  (2c) .  6  and  10. 
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Table  2-12.  Fields  of  application  of  fundanantal  brands  of  power 


cablas. 


MjpKft  KjdtJcft 


(b) 


H.UHa'ieHM  xnStjirB 


AA6,  ABP6,  AHPG, 
ABBB,  AflBB, 
AAUiB,  CB,  CPB, 
BPB,  HP6,  BBB-T, 
AABB-T 


(  Rah  npoiwaAKH  a  3eM.ie  a  Tpamuee,  earn 
Ka6e/ib  He  noABepraeTcn  3H3MHTe.ibHbin  pac- 
THniaatouiHM  ycH.iHHM 


AABr,  ABPBr, 
AHPsr,  AAiiisr,  csr. 
cPBr,  BP6r,  MPBr, 
BBBr-T,  AB86PT 
AUAB,  UCB 


ALXABr.  UCBr 


(Z)  Rah  npoK.iaaxn  BHyxpn  noMememift,  b  na- 
Haaax,  TyHneA*x,  ec.i«  Kafie.ib  ite  nojeepra- 
eTca  3HaHnTejibHUM  pacrarHBaiotHHM  ycu.-w- 

BM 

(2)  Una  npox.iaftKH  a  jex.ie  a  Tpamuee  npa 
KpyToiiaK^OHHUx  Tpaccax,  ec.iK  Kafie.7b  lie 
iroaBepraeTca  3uamiTe.ibHUM  pacmuBaiowHM 
yCH.IMHM 

(4)  Rah  npoK.taaKii  UHyipn  noMemeiiHft, 
a  KJHMax,  Tyiiiie.vtx,  wax  rax  npn  nepm- 
Kaabiibix  h  KpyroiiaK.ioHHbix  rpacca*.  ec.m 
KaCeab  lie  noABeprarrc*  3HaiHTe.ibHbiM  pac- 
TarHaamiiHM  ycHAHAM 


1 

\\ 
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Page  51. 


Continuation  table  2-12. 


UCK 

ucKr 

CK 

AAT 

AAUIA 

AUAT 


cpr 


ACTT,  CrT 

B8P,  ABBT-T 
AHpr,  HPr.  AtiBr 

ABPf,  ABBT,  BPr 


(/fc» 

ABBr,  AriBT  ofijier- 
aeiniue  ana  ceflbcxoA 
MCCTHOCTH 


ilna  npoaaaaKH  a  3«M.ie  a  rpanuiae  npa 
xpyroiiax.ion»iwx  rpaccax  np h  na.iw>iHn  sna- 
weJibHUX  pacTsrHoaiomHx  ycx.iHH 

«>>  npoxjiaaxii  BnyTp«  noMeuteKHft, 
a  xana.iax,  rynHC-iax,  uia.xTat  rph  sepTHxa.tb- 
mux  m  xpyroHax.ioiiHux  ipaccax  tip*  Ha.iHiHH 

3Ha<iHTe/ibiiux  pacrartfaowmHX  yen.™# 

P*  ZL.m  npox-iaaKH  noa  soaofc 

(i)  An  a  npoK.aaaxH  a  noMeweHHHx,  rymie- 

Jiax,  xaita.iax  npH  orcyrcTBiiK  BoavoaafocTH 

nexaimqecxnx  noapeatjemift  a  cpeae.  iieft- 

TPaabiioH  no  OTHouieHHio  x  antOMHiiHio 

(4)  Ana  npoiwaaxH  awyipn  noyemeHHft, 

b  xananax,  a  aeu.ie  a  cenbcxnx  xecTHOctax 

npH  OTCyTCTBHK  BO3M0WH0CTH  M6X3HHMCCKHX 
■  Boaneflcrauft 

ffO)  Ann  npox.iaaxH  a  nouemeimux,  a  xaHa- 
aax,  Tymie.inx  npH  sepTHKanwiux  n  xpyT o- 
Hax.ioHHux  rpaccax,  ec.iM  xa6e.ib  »e  noaaep* 
raerca  3HaMHTMbHUM  pacTarHBaiouiH*  ycw- 
jihkm,  a  cpeae,  Hefirpawwi oft  no  OMOiueHHJO 

X  ajUOMHHMIO 

OO  flan  npoicaaaKH  aHyipw  rtOMewemift, 
a  xananax,  TyHHe.mx  np«  QTcyrCTBHH  Bn6pa- 
uhh  h  MexaHHHecKHX  aoapeAcTBHft  Ha  xa6e.il> 
a  cpeae,  itefiTpa^biioft  no  orHoarenHi a  x  cbhh- 

uy 

f(2)  npoK.iapxM  a  rpyCax  h  6.ioxax  np« 
arrcyTCTBsiH  MexaHH'fecxHx  B03aeHcT8Hft  na  xa- 
6enb  a  cpeae,  HefiTpa-ibiioft  no  OTHOuieHHio 
X  CBHHlty 

(13)  Ana  npoxjiaaxn  s  Onoxax  h  Tpyfiax 

(14)  Ann  npox.ia.aKH  BiiyTpH  noMeweimft,  a  xa- 
Hajiax,  TyHiie.mx  npM  OTcyTcTBHH  MexaHHiec- 
khx  BoaaeftcTBHH  Ha  xa6e.ib 

05)  Ana  npoxnaaxH  bh/tPH  ao«eweHHft, 
a  xaHa.iax,  TyHHwax  npn  orcyreTaxH  Mexa- 
HHxecKHx  B03je(icTBHft  Ha  xafienb  a  npx  «a- 
n«HHM  arpeccHBHux  cpea  Iwicaor,  uieaoxeft 
*  np.) 

(CD  Am  upoKoanx*  BHyrpH  noyemeimA, 
a  xaHaxax  a  seane.  •  ipaHmexx,  ccxh  xaCe.ib 
ae  noflacpraerca  pacnirHBawuiHM  youtwiNt  h 
aneuiHHM  MexanxxctxH*  bosacAcibhhh.  npe- 
aumaiouiMM  npeaycMoTpennue  MHctpyxuKeft 
00  npomiajute  xafieneA 
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Key:  (a).  Cable  make-ups.  (o).  Cesignaticn/purpose  of  cables.  (1). 

For  separator  in  ear th/grouad  in  trench,  if  cable  does  not  undergo 
considerable  stretching  forces.  (2).  Por  separator  indoors,  in 
channels,  tunnels,  if  cable  does  net  undergo  considerable  stretching 
forces.  (3).  For  separator  in  earth/ground  in  trench  with  sharply 
inclined  routes,  if  cable  does  act  undergo  considerable  stretching 
forces.  (4).  For  separator  maoers,  in  channels,  tunnels, 
mines/shafts  with  vertical  and  sharply  inclined  routes,  if  cable  does 
not  undergo  considerable  stretching  forces.  (5).  For  separator  in 
sarth/ground  in  trench  with  saarply  inclined  routes  in  presence  of 
considerable  stretching  forces.  (6).  For  separator  indoors,  in 
channels,  tunnels,  mines/shafts  with  vertical  and  sharply  inclined 
routes  with  presence  of  considerable  stretching  forces.  (7).  For 
separator  under  water.  (8).  For  separator  in  lccations,  tunnels, 
channels  in  the  absence  cx  possibility  of  mechanical  damage  in 
medium,  neutral  with  respect  to  aluminum.  (9)  .  For  separator  indoers, 
in  channels,  in  earth/ercund  in  rural  localities  in  the  absence  of 
possibility  of  mechanical  effects.  (10) .  For  separator  in  locations, 
in  channels,  tunnels  with  vertical  and  sharply  inclined  routes,  if 
cable  does  not  undergo  considerable  stretching  forces,  in  medium, 
neutral  with  respect  tc  alumnua.  (11).  For  separator  indoors,  in 
channels,  tunnels  in  the  aoseaca  ox  vibration  and  mechanical  effects 
on  cable  in  medium,  neutral  with  respect  to  lead.  (12).  For  separator 
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in  tubes  and  blocks  in  tne  absence  of  mechanical  effects  on  cable  to 
medium,  neutral  with  respect  to  lead.  (13).  For  separator  in  blocks 
and  tubes.  (14).  For  separator  indoors,  in  channels,  tunnels  in  the 
absence  of  mechanical  effects  ci  cable.  (15).  Fcr  separator  indoors, 
in  channels,  tunnels  ic  the  aasence  of  mechanical  effects  on  cable 
and  in  presence  of  agressive  media  (acids,  alkalis,  etc.).  (16). 
facilitated  for  rural  locality.  (17).  For  separator  indoors,  in 
channels  in  earth/grcura,  in  trenches,  if  cable  does  not  undergo 
stretching  forces  and  external  mechanical  effects,  exceeding  those 
called  for  by  instruction  on  cable  laying. 

Page  52. 

The  construction  lengths  cf  cables  with  the  paper  insulation  in 
the  lead  covering  to  10  kv  by  the  section:  tc  70  mm*  -  300  m,  95  and 
120  mm*  -  250  m,  are  mere  than  150  mmz  -  200  m. 

2-4.  wiring  and  cables  in  the  dangerously  explosive  locations. 

In  the  dangerously  explosive  locations  cf  the  classes  of  a  V-  I 
and  7-  la  for  the  power  and  legating  systems  must  be  used  the  wires 
and  cables  with  the  copper  veins/strands;  separator  in  these 
locations  of  wires  and  caoxes  with  the  aluminum  veins/strands  is  net 
allow  ed/assumed.  In  the  dangerously  explosive  locations  of  all 
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remaining  classes  is  allcwed/assumed  the  use/applicat ion  of  wires  and 
cables  with  the  aluminum  vems/str  ands  in  the  presence  the  ccnditicn 
of  fulfilling  of  connections  and  termination  by  soldering  or  welding 
and  in  apparatuses  and  instruments,  to  which  they  are  connected, 
special  contact  terminals/grip pers. 

For  the  power  and  lighting  systems  to  1000  V  in  the  dangerously 
explosive  locations  can  fcs  used  the  cables  with  the  paper  insulation, 
cables  and  wires  with  rutoer,  pclychlorovinyl  or  equivalent  it  by 
insulation.  In  this  case  the  wires  and  unaracured  cables  in  the 
locations  of  the  classes  of  a  V-  I  and  a  V-II,  and  also  in  the  power 
networks/grids  in  places  of  class  V-Ia  must  run  itself  in  the  steel 
tubes.  The  surface  work  cr  unarmoured  cables  is  allowed/assumed  in 
the  power  and  lighting  systems  net  above  380  V,  also,  in  the  absence 
of  the  possibility  of  the  mechanical  and  chemical  effects  in  the 
locations  of  classes  V -It  and  V  la,  or  in  the  lighting  networks/grids 
in  the  locations  of  class  V-Ia.  In  all  remaining  cases  in  the 
dangerously  explosive  locations  it  is  opened  the  laid  cables  with  the 
rubber  or  paper  insulaticn  to  1000  V  and  above  they  must  be  armored 
and  not  have  external  deposits  from  the  fuels. 
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Tabla  2-/3.  Construction  langths  or  power  cables  with  the  paper 
insulation  in  the  aluminum  shall. 


//• 

rllUOMMMJkAOC 

» 

HoataMMkKoc 

til  40  t  Ml 

*  99 

MM* 

1*4)  ! 

TpexttiuifcuMe  ^ 

NCTWpex/KlUlb- 

uue 

5  *  1 

3«i 

i 

C'l)  CrpeanuikHaa  AJaiia.  a 


6 

525 

10 

— 

— 

475 

325 

16 

— 

— 

375 

300 

25 

— 

— 

350 

300 

35 

400 

350 

325 

250 

50 

350 

300 

300 

200 

70 

300 

225 

225 

175 

95 

250 

200 

200 

120 

225 

— 

— 

Key:  (1).  Nominal  section  of  fundamental  vein/strand,  mm*.  (2). 
Nominal  voltage.  (3)  ,  to  1  Ji7.  (4)  .  three-core.  (5)  .  four-strand. 
(6).  kV.  (7).  Construction  lengtn,  m. 

Page  53. 


The  wire  insulation  and  carles  must  correspond  to  nominal  line 
voltage,  tut  be  not  below  500  V. 


Electric  wirings  in  toe  steel  tubes  must  test  to  density  .of 
connections  with  overpressure  *.5  atm  (tech)  for  the  locations  of  the 
class  7-1  and  0.5  atm  (teen)  ror  places  of  classes  V-Ia,  V-  ii  and 


V-IIa.  in  this  case  during  J-5  min  the  pressure  must  not  decrease  by 
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more  than  10-20o/o. 

Surface  work  dangerously  explosive  indoors  of  the  uninsulated 
conductors,  including  trollies  for  the  taps/cranes,  is  forbidden, 
with  exception  of  the  locations  of  classes  V-Ia  and  V-Ib,  for  which 
is  allowed/assuoed  the  usa/appiication  of  the  uninsulated  copper  and 
aluminum  conductors  under  the  condition  of  their  separator  in 
accordance  with  §  VII-3-64  J?UE. 

Is  allowed/assumed  the  separator  of  armored  cables  in  the 
channels  under  the  condition  of  cnarging  by  their  sand  for  the 
locations  of  the  classes  of  a  V-  I  and  B-Ia,  that  contain  combustible 
vapors  or  gases  with  the  specific  gravity/weight  more  than  0.8  with 
respect  to  the  air,  and  tor  the  locations  of  the  class  v-IT-  In 

this  case  the  permissible  constant  loads  on  the  cables  must  be 
accepted  on  the  appropriate  tacles  chapters  of  1-3  PUE  as  for  the 
cables,  laid  in  air,  with  consideration  the  correction  factor  to  a 
number  of  working  cables  in  Tanias  4-21. 

Is  allowed/assumed  canle  laying  in  the  tunnels  and  the  blocks, 
isolated/insulated  from  tne  production  locations  by  the  incombustible 
partitions/baffles,  under  the  condition  of  the  device/equipment  of 
fairleads  in  accordance  witn  the  requirements  p.  1  §  VII-3-53  POE. 
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In  the  locations  cf  tha  class  V- J  in  the  twc-wire  circuits 
with  the  neutral  conductor  thay  gust  be  shielded  free  the  excess 
currents  both  phase  and  neutral  conductor  with  the  installation  for 
the  simultaneous  cutof f/dasccnnectaon  of  tha  phase  and  neutral 
conductors  of  two-pole  switch.  In  this  case  for  the  grounding  must  be 
laid  the  third  wire. 

In  the  dangarously  explosive  locations  tha  neutral  conductors 
must  have  insulation,  eguivalent  with  the  insulation  of  phase 
conductors,  and  must  run  itself  xn  the  general/common/total  shell  or 
the  tube  with  the  phase  conductors. 

with  the  separator  in  the  dangerously  explosive  placements  of 
insulated  wires  and  cables  an  the  steel  tubes  of  the  section  of  wires 
cf  cores  of  cables  they  *ust  net  be  below: 

ccpper  wires  and  cables: 

for  the  lighting  systems  ...  1.5  mm2. 

for  the  power  netwerxs/grads  ...  2.5  am2. 


Aluminum  wires  anc  cables: 
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for  lighting  net  wcrks/grids  ...  2.5  «a2. 

for  the  power  net vcrks/grads  ...  4  ns*. 

The  use/applicaticn  or  aluainum  wires  fcr  the  charging  of 
illuminating  lamps  is  ret  allcwea/assuaed. 

In  the  placements  of  class  V-Ib  and  the  external  installations 
of  class  V-Id  the  selection  cr  sections  and  the  protection  of  wires 
and  cables  from  the  currents  of  overloading  and  short  circuits  must 
be  conducted  as  for  the  ncnexplcsive  locations. 
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Page  54. 

Section  Three 

DETER 3 1 MAT ION  OP  CAL  COLA 1ED  ELECTRICAL  LCADS. 

3.1.  Design  loads  of  industrial  enterprises. 

Design  loads  for  the  industrial  enterprises  are  located  on  the 
basis  of  "indications  regarding  the  electrical  leads  in  the 
industrial  installat iocs". 

For  electrical  netwcrus  by  design  leads  are  the  greatest 
possible  loads  the  duration  net  less  than  30  sin. 

The  value  of  design  load  depends  on  a  cumber  and  the  installed 
power  of  electrical  receivers,  character  of  production  and  degree  cf 
the  automation  of  production  process. 

1.  Nominal  (established/installed)  power  of  electrical  receivers. 

Nominal  active  power  tor  cne  electrical  receiver  is  determined 


from  the  formulas: 
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for  the  receivers  cf  illumination  and  electric  motors  during  the 
continuous  duty 


(3-1) 

for  the  electric  actors  oi  intermittent  duty 

p4  VTTr* P '•.aw  x«;  (3-2) 

for  the  transformers  or  tne  electric  furnaces 

P»“S« cos kS;  (3-3) 


for  the  transformers  cf  welding  sets  and  apparatuses  and  of  arc 
welding  transformers  of  manual  welding 

py  =VrjB, 5* cos ?«,'  kwr  (3-4) 

where  P .  -  nominal  power  oi  tne  receiver  of  illumination  or  nominal 


(certified/rating)  power  of  electric  motor  for  the  continuous  duty. 
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-  nominal  (cer ti fied/rating)  duration  of  inclusion/connection, 
rel.  un.; 

Pn  -  certified/rati rg  power  or  electric  aotor  with  the  nominal 
relative  duration  of  inc lusica/ccnnection,  kW; 

S.  -  certified/rating  power  cf  transformer,  kVA; 

co»<v«-  -  coefficient  cf  power  of  electric  furnace,  welding  set  or  arc 
welding  transformer  under  the  nominal  conditions. 

Page  55. 

The  nominal  power  cf  one  group  of  electrical  receivers  is 
defined  as  the  sum  of  the  nominal  power  of  all  electrical  receivers: 

(3-5) 

i 

where  to.  -  nominal  power  of  electrical  receiver,  kW; 

n  -  total  number  cf  electrical  receivers  in  the  group. 

2.  Design  loads. 
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For  one  electrical  receiver  calculated  active  power  takes  as  the 
equal  to: 


during  the  continuous  duty 


P-Pr.  hW  (3-6) 

j 

during  the  intermittent  duty 


P 


Pj 

0.875 


t.Mfy,  ^8# 


(3-7) 


where  Pj  -  nominal  power  of  electrical  receiver,  kw. 

During  the  intermittent  duty  cf  electrical  receiver  the 
installed  power  must  be  given  tc  tne  continuous  duty  on  one  cf 
formulas  (3-2)  or  (3-4). 


The  calculated  reactive  power  of  one  electrical  receiver  is 
determined  from  the  expression 


niiovar. 


(3-8) 


where  *  -  phase  angle  cr  tne  current  of  electrical  receiver  during 
the  mode/conditions  of  design  lead. 
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For  the  group  of  electrical  receivers  by  a  number  to  3 
inclusively  active  and  reactive  rated  powers  are  defined  as  the  sums 
cf  the  respectively  active  ana  reactive  load  cf  electrical  receivers 
of  group. 

During  the  tentative  calculations  is  allcwed/assumed  to 
determine  the  calculated  active  power  cf  one  cr  several  groups  of 
electrical  receivers  according  to  the  formula 

m 

P-pA  xk,  (3-9) 

i 

where  and  Ft  -  respectively  average  value  cf  the  coefficient  cf 

demand  1  and  the  installed  power  or  the  group  of  the  uniform 
electrical  receivers; 

n  -  total  number  ct  groups  cr  electrical  receivers. 

FOOTNOTE  1 .  The  coefficient  oi  demand  is  called  the  ratio  of  design 
load  to  nominal.  ENDF0C1N01E  . 


Reactive  rated  power  can  ce  determined  frca  the  expression 
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Q-Ptgip,  xiiovar,  (3-10) 

where  *  -  phase  angle  cf  summed  current  of  the  entire  group  cf 
electrical  receivers  fcr  the  mode/conditions  cf  design  load. 

Page  56. 

The  average/mean  values  of  the  coefficient  of  the  demand  of 
power  load  for  some  productions  are  given  in  yafcles  3-1  and  3-2. 

The  coefficient  of  tae  demand  of  the  lighting  lead  of  industrial 
enterprises  and  relating  to  tham  auxiliary  and  everyday  equipment  is 
acceoted  on  ~T&blas  3-3. 

In  general  coefficient  of  tne  demand  of  the  group  of  the 
electrical  receivers  cf  industrial  enterprise  is  defined  as  the 
product  of  coefficients  cf  use  (K«)  and  maximum  (*■): 

The  coefficients  cf  use  and  maximum  of  the  group  of  electrical 
receivers  respectively  are  equal  tc: 

K .  -  ;  0-12) 


where  -  average  resistive  lead  of  the  group  of  electrical 
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receivers  in  question  fcr  the  nest  loaded  exchange  cf  enterprise  kB 

i. 

t 


P  and  Pr  -  Respectively  the  calculated  and  nominal  active  of  the 
power  of  the  same  greup  cf  electrical  receivers,  kw. 

FOOTNOTE  ».  It  is  determined  by  the  division  cf  rate  of  discharge  of 
electric  power  for  the  exenange  by  the  duration  of  exchange  in  the 
hours.  ENDFOOTNOTE. 

The  values  of  coefficients  cf  use  in  the  dependence  on  the  type 
of  the  given  mechanisms  and  character  cf  prcdccticn  are  given  in 
Table  3-1. 

The  values  of  the  coefficient  of  use  fcr  several  groups  of 
electrical  receivers  with  the  different  values  of  the  coefficient  cf 
use  are  determined  frci  -formula  (3-12),  in  which  as  should  be 

understood  the  sum  of  medium  loads  for  the  most  loaded  exchange  for 
all  groups  of  the  electrical  receivers: 

n 

Pen  -  £  K»Pi.  *«»»■  (3-H> 

t 

Coefficient  of  the  demand  of  the  group  of  electrical  receivers 
for  the  tentative  calculations  can  be  accepted  in  the  dependence  on 
the  coefficient  cf  usa  in  Tanias  3-4. 
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3.  Determination  of  coefficient  of  maximum. 

During  calculations  at  tae  stage  of  technical  project  or  working 
drawings  design  loads  are  determined  with  consideration  the 
coefficient  of  the  maximum  2  wacsa  value  depends  on  the  coefficient 
cf  use  and  effective  numfcar  cf  electrical  receivers. 

FOOTNOTE  2.  The  coefficient  of  maximum  is  called  the  ratio  of  maximum 
rated  load  to  the  medium  load  for  the  most  leaded  exchange. 


ENDFOOTNOTE 
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Table  3-1.  Values  of  calculated  coefficients  for  different  groups 
mechanisms. 
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Key:  (A).  Designation  cf  mechanisms  and  apparatuses,  (b) . 

Coefficient,  (c)  .  use  1 . 

FOOTNOTE  ».  The  coefficient  of  the  use  of  a  saxiaum  resistive  load  is 
called  the  ratio  of  average  resistive  load  fcr  the  aost  loaded 
exchange  of  enterprise  tc  the  rcmiaal  power.  ENDFCOTNOTE. 

(d) .  power,  (e) .  demand.  (1).  ^re-dressing  ccafcines  and  sintering 
plants.  (2).  Pumps,  fans,  compressors,  gas  klcwers,  exhausters.  (3). 
Pumps  (water.  (4).  Pumps  (sand.  (5j.  \/acuum  pumps.  (6).  Fans.  (7). 

Air  extractors  for  sintering  plant.  (8).  pans  to  crushers.  (9). 
Agglomerated  exhausters  gas  blowers  .  (10).  Hechanisms  of 

fragmentation  and  grinditg.  (11).  Crushers  (hammer.  (12).  Crushers 
(conical.  (13).  Crushers  (doucle-rcll.  (14).  Fills  (spherical.  (15). 
Hills  (rod.  (16) .  Crashes/gratings.  (17) .  Hechanisms  cf  continuous 
transport.  (18).  Transporters  strij/tape  are  x ere  than  170  kvh.  (19). 
Transporters  strip/tape  to  17C  KVH.  (20).  Conveyors  to  10  KVH.  (21). 
Conveyors  are  more  thar  10  KVH.  (22).  Conveyers  of  housing  cf  coarse 
crushing.  (23).  Feeders  lamellar,  plate,  drum  and  disk.  (24). 
Elevators,  worm  conveyers.  (25)  .  Hechanisms  of  filtration  and 
enrichment.  (26).  Thickenars.  (27).  Drums  (mixing.  (28).  Cup 
coolants,  (29) .  Tables  ccacentr acicn,  vats,  tanks  concentration  and 
reagent.  (30).  Drying  drums  ana  separators.  (31).  Classifiers  (spiral 
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and  rack).  (32).  Flotati.cn  machines.  (33).  Electric  filters.  (34). 
Magnetic  separators  individual,  (id).  Dyramctcrs.  (36).  Vacuus 
filters  (tape,  drums).  (-37).  Car  dumpers.  (38).  Bucket  cranes.  (39). 
coke-chemical  plants  and  shops.  (4d)  .  Transporters.  (41). 

Transporters  (rolling.  (42).  Feeders  (lamellar  and  strip/tape).  (43). 
Crushers  (hammer.  (44)  .  Dosage  tables.  (45).  Stackers.  (46).  Coal 
loaders.  (47).  Coke  extractors.  (4c) .  Charging  cars.  (49)*  Door 
extractor,  machines.  (5C).  hlectric  locomotives  cf  extinguishing 
cars.  (51).  Skip  hoists.  152).  Capstans.  (53).  Car  dumpers.  (54). 
Metallurgical  plants  and  shops  cf  ferrous  and  ncnferrous  metallurgy. 
(55).  Pumps,  fans,  compressors.  (5o).  Pumps  (water.  (57).  Pumps  (feed 
cf  open-hearth  shop).  (58).  Bxnaust  fans  of  open-hearth  shop.  (59). 
Fans  of  blast-furnace  plant.  (oO).  Fans  cf  gas  turners.  (61).  Fans  of 
rolling  departments.  (62).  Positive  fans.  (63).  Fans  of  machine 
rooms.  (64).  compressors.  (o5).  Mechanisms  cf  continuous  transport. 
(66).  Conveyors.  (67).  Taps/cranes  of  different 

designations/purposes.  (68) .  Taps/cranes  of  ere  yard.  (69) .  Eucket 
cranes.  (70).  Magnet-handlings  crate.  (7  1).  Taps/cranes  (different. 
(72).  Thermal  and  welding  electrical  receivers.  (73).  Resistance 
furnaces  with  continuous  charging.  (74).  Resistance  furnaces  with 
periodic  duty.  (75).  flrc  steel  smelting  furnaces  in 
capacity/capacitance  3- 1C  ia  witt  automatic  ccntrol  of  electrodes: 


(76).  for  fine  steal  with  mecaanized  charging.  (77).  for  fine  steel 
without  mechanized  charging.  (78).  for  meld  casting  with  mechanized 
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charging.  (79).  fcr  mold  casting  without  mechanized  charging.  (80). 
Arc  steel  smelting  furnaces  in  cap acity/ca pacitance  0.5-1. 6  n  for 
mold  casting  in  auxiliary  shops  with  automatic  control  of  electrodes. 
(8  1).  Arc  furnaces  fcr  ncnferrcus  aetal  (copper  alleys)  in 
capacity/capacitance  0.^f-0.5  a  with  manual  ccntrcl  of  electrodes. 
(82).  Ore-thermal  furnaces  with  three-phase  transformers  6;  7.5;  even 
9  M  VA .  (83).  Cabinet  driers.  (84).  Fine/small  heaters.  (85).  Arc 

welding  transformers  fcr  electric  arc  welding.  (86).  Arc  welding 
transformers  for  automatic  welding.  (87) .  Machine-building  and 
metalworking  branches  of  industry.  (88) .  Cutting  metal  machine  tools 
small-scale  productions  with  normal  mode  of  werk  -  fine/small 
turning,  planing,  mortising,  milling,  boring,  revolving,  grinding, 
etc.  (89).  in  large-scale  prcducticr.  (9C)  .  Then  during  arduous 

duty:  stamping  machines,  automatic  machines,  revolver,  abrasive, 
gear-cutting,  and  also  large/coarse  turning,  planing,  milling, 
revolving,  boring  machines.  (91).  Then  with  extra-heavy  operating 
mod®:  drives  of  hammers,  forging  machines,  draw  plate  mills,  tumbling 
barrels,  edge  runner  mills  ard  sc  forth,  etc.  (92).  Movable  power 
tocl.  (93).  Fans,  exhausters,  health  and  hygiene  ventilation.  (94). 
Pumps,  compressors,  diesel  generators.  (95).  laps/cranes,  telphers 
with  PV-25o/o.  (96).  SsA>t-with  EV-4O0/0.  (97)  .  Elevators, 
transporters,  worm  conveyors,  conveyors  nonblccked/interlocked  (98). 

S blockad/int erlocked  (99)  .  Arc  welding  transformers  of  electric 
arc  welding.  (100).  Qns-fcsiticr  welding  engire-generators.  (101). 
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Multi  opera  tor  welding  dyraactors.  (102).  Welding  sets  seas.  (103). 
2ame,  joint  and  point.  (104).  Welding  automatic  heads  of  type  ADS. 
(105).  Resistance  furnaces,  cabinet  driers,  heaters.  (106). 

Resistance  furnaces  with  ncnautcaatic  charging  of  articles.  (107). 
Induction  furnaces  of  lew  frequency.  (108).  Djnamotors  of  induction 
furnaces  of  high  frequency.  (1C9).  Vacuum-tube  oscillators  of 
induction  furnaces  of  bign  frequency.  (110).  Sultihead  automatic 
machines  of  machine  shops  rcr  parts  from  bars.  (111).  Construction 
industry.  (112).  Concrete-pacxers.  (113).  Automatic  machine  tools  for 
straightening  and  cutting  wire.  (114).  Molding  machines.  (115). 
Conveyors.  (116).  Roller  conveyers.  (117).  Dredgers.  (118). 

Excavators  with  electric  drive.  (119).  Scluticn  units.  (120). 
Taps/cranes  (tower  and  portal).  (1^1).  Transformer  electric  heating 
of  concrete,  warming  scil  and  ccnd uits/manif elds.  (122).  One-position 
dynamotors  for  welding.  (123).  Arc  welding  transformers.  (124). 
Movable  mechanisms. 

Note.  At  several  values  of  the  coefficients  of  use  and  power  one 
should  take  the  highest  values. 
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Under  an  effective  ruacer  cf  group  cf  electrical  receivers  with 
different  installed  power  and  different  operating  inodes  is  urderstccd 
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such  number  of  receivers,  identical  according  tc  the  power  and  on  the 
uniform  cnes  under  the  ccauiticns  cf  work,  which  they  provide  the 
same  value  of  design  lead,  as  tte  group  cf  different  under  power  and 
conditions  of  work  electrical  receivers  in  guestion. 


An  in  general  effective  nuaoer  of  electrical  receivers  can  be 
found  from  the  expression 


n,-. 


(?'•) 


V 

u  py 


(3-15) 


An  effective  number  of  electrical  receivers  can  be  accepted  by 
the  egual  to  their  actual  number  in  the  following  cases: 


a)  when  the  power  cf  all  receivers  it  is  identical; 


b)  with  the  coefficient  cf  use  K»>o,8; 


c)  when  they  are  maae  the  indicated  in  Table  3-5 
relationships/ratios  between  the  coefficient  c;  use  and  the 
the  relation,  equal  to: 


m 


P'f.nttc 


(3-16) 


value  cf 


where  /»?■•.«  and  Pt  »»«  -  with  respect  nominal  active  power  of  the 

greatest  and  smallest  elecxrical  receivers  in  group,  kW. 


A 
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During  determination  ?»■**  must  be  excluded  the  f inest/seallest 


electrical  receivers  whose  total  fewer  ices  net  exceed  5o/o  cf  power 
cf  the  entire  group  of  receivers. 
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Table  3-2.  Control  indices  of  the  loads  cf  seme  tranches  of  industry. 


Huhcmouiu*  orpaou*  apouuuu<«HHO<m 


ft)  XatcmecxHe  . . 

^31  AHBnRHOKpaCOHHUe  mboam  .... 

f3>  He^reneperoHMbie  mboau . 

IH)  3a»o/tu  TH*ejioro  xaiuuHOCTpoeiuia 

£S)  3a* oaw  mHKocrpoeHWi . 

A)  HacrpyMeHrajibHue  jaBoau  .... 
O)  3aaoAW  uiapHKonojuuHnHHKO*  .  .  . 
(■gl  3a  boa  hi  noatenHO-TpaHcnopTHOro 

oCopyaoaaHHR  . 

(T})A«TOTpaKTopHbie  aasoAM . 

fjjj  Ce«ibcxoxo3j)flcTBeHHoe  wauiitHocTpoe- 

fote . 

(ID  rlpHfiOpOCTpOCMiM . .  , 

OT^ArropeuoHTHue  mboau . 

(73;  BaroHopeMOHTHue  aaaoau . 

(hi)  3.ieKTporexHiiMecKMe  saeojiu  .  .  .  . 

(1%  AaoTHOTyKosbie  mboau . 

f^jPaviHiHbie  mcti  ji  jiqq<3  pa  Cat  hi  »a  lowme 
aaaoAu . 


Kay:  (a) .  Designation  cf  cna  crancnes  of  industry  (b) .  All-factory 
the  coefficient  of  demand,  ic)  .  weighted  mean  power  factor,  (d)  . 


Power  factor  with  peak  lead.  ie).  Annual  total  heurs  of  utilization 
cf  maximum  1 . 


FOOTNOTE  *.  It  is  determined  fcy  the  division  cf  the  annual 
consumption  cf  electric  po»ar  into  the  peak  lead.  ENDFOOTNOTE. 


i 


<b> 

(C.3 

Ota.iaaoacsot 

CtMAHtUMIueH- 

ko*p$iuum*t 

uut  KOAfrpKUttHT 

cnpoc* 

MQO^MOCTl 

0.28-0,5 

0.773 

0.33—0,35 

— 

i  IKH  .acoa  KMWUUU 
■uscaxyui* 


( f ) 

(CTHMOl  Htfpy*** 


narpy  «ui 


(f)  .  resistive  load.  (g).  reacrive  load.  (1).  Chemical  plants.  (2) 
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Aniline  dye  plants.  (3).  Petroleum  refineries.  (4).  Heavy  Machine 
Building  Plants.  (5).  Plants  cf  aachine-tool  ccnstr uction.  (6).  Tool 
Plants.  (7).  Plants  cf  tall  hearings.  (3).  plants  of 
lifting-transporting  equipment.  13).  Tractor  plants.  (10). 
Agricultural  machine-building.  (11).  Instrument  manufacture.  (12). 
Motor  vehicle  repair  plants.  (1i).  Car-repair  plants.  (14). 
Electrical  plants.  (15).  Nitric  manure  plants.  (16).  Different  metal 
working  plants. 

Page  64. 

when  the  conditions  indicated  are  not  satisfied,  an  effective  number 
cf  electrical  receivers  is  determined  in  depending  on  values  p»  and 
computed  from  the  formulas  1 

T -  ^,7> 

s* 

1 

and 

«.  — ?*•  (3-18) 

where  n  -  total  number  cf  electrical  receivers  cf  the  group; 

« 

-  sum  of  the  nominal  pcaer  cf  entire  group,  kH; 


nt  -  number  of  receivers  in  tee  gecup,  the  ncminal  power  of  each  of 
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which  aore  or  is  equal  tc  tae  aalx  the  nominal  power  of  most 
powerful/thickest  receiver  in  tfce  qroup; 

*. 

-  sua  of  the  ncainal  power  cf  these  receivers,  kw. 

i 
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'['able  3-3.  Coefficient  ci  toe  demand  of  the  lighting  lead  of 


industrial  enterprises  and  servicing  constructions  Kc 


(Q)  Huhvkiim  noHtveHm 


(i)  Me.iKne  npoH3WACTMHHbie  sabrim  a  ToproBue  nous' 

wemrn  .  .  .  . . 

(3)  npoH^aoncTBeutwe  3naHHB,  coctcwiuhc  ms  crrae-ibHux 

KpynHUX  npo.Teroa . 

iy>  IlpoiuoncTDeHHfate  3aaHjin,  cocromuae  H3  OTAe.ibHUX 

noMeuteHHA-  .  .  .  . 

(lh  KoHTOpCKO-CblTOBbie  «  JtaCopaTOpHbie  3A3HHH . 

rnCKAaacKHe  3A3hhb,  JneKtpHMecKHe  noAcraHUHH  .  .  .  . 

ffc)  ABapRiiHoe  h  tupyiKHoc  ocacmeHue . .  .  . 

.O)  JIhhhr  rpynnoBofl  cent  a  abhhh,  mrramw  ocaera* 

TUbHUe  1UHTKH . . 


copoca 


1.0 

0.95 

0,85 

0.8 

0.6 

■1.0 

1.0 


Key:  (a).  Destination  ci  location,  (b)  .  Coefficient  of  demand.  (1). 
Pine/small  production  buildings  and  commercial  locations.  (2) . 
Production  buildings,  unicn  consist  of  separate  large/coarse 
flights/spans.  (3) .  production  buildings,  which  consist  ci  separate 
locations.  (4).  office-  everyday  and  labcratcry  buildings.  (5). 
Storage  buildings,  electrical  substations.  (6)  .  Emergency  and 
exterior  lighting.  (7) ,  lines  ot  group  network/grid  and  line,  that 
feeds  lighting  panels. 


Table  3-4.  Values  of  the  coefficient  of  demand  ire  in  depending  on  the 
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Table  3-5.  The  r alationsfaips/r atios  between  the  coefficient  of  use 
Km  and  the  value  of  relation  a,  in  which  is  allowed/assuaed  tc  accept 


*« 

0.1 

-1 

0.3 

0.4 

0.5 

0.0 

0.7 

u 

m< 

2.S 

3.0 

3.5  j 

4.0 

5.0 

6.5 

8.0 

10,0 

Page  65. 


The  fine/small  electrical  receivers  whose  total  power  does  not 


exceed  5c/o  of  ncainal  power  of  ali  electrical  receivers,  during 

m 

determination  are  ret  considered. 

i 


In  depending  on  sublimity 
the  value  of  the  relative  value 
receivers: 


P-  and  **  through  Tables  3-6  is  found 
of  an  effective  number  of  electrical 

P-t9) 


and  determine  an  effective  number  cf  receivers  by  the  multiplication 
of  obtained  value  fer  the  tctal  number  cf  electrical  receivers 
the  groups: 


(3-20) 


In  depending  on  the  coefficient  of  use  K«  and  effective  cumber 
cf  receivers  «,  in  Tables  3-1  is  determined  tke  coefficient  cf 
maximum  Km- 


i 


DOC  =*  80  0403 03 


PAGE 


The  amounts  of  the  calculated  active  and  reactive  power  of  the 

group  of  electrical  receivers  it  is  determined  frcm  the  formulas: 

P-K.P.m,  kW 
Q-Ptg<p,  ki\oyt+r 

where  P,a  -  average/mean  active  pcwer  for  the  group  cf  electrical 
receivers  for  most  leaded  exchange,  kW; 


tg  *  -  corresponds  to  tie  characteristic  fer  this  group  of 
electrical  receivers  value  cf  phase  node  in  the  mode/conditicns  of 
maximum  active  power. 


Complete  rated  power  is  determined  froa  the  expression, 
S-  //“  +  Q*  .  kVA  (3*23) 

calculated  current  -  according  to  the  formula 


FT  Urn 


'»  a. 


(3-24) 


where  W«  -  nominal  of  the  line  voltage,  kV. 


Power  factor  during  the  aoae/condit ions  cf  design  load  is  equal 


to: 


p 


(3-2S) 
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Table  3-6.  Relative  values  of  an  erfective  nuaber  of  electrical 

/l| 

receivers  n  in  depending  on 
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Kbit  3-fr  Cor»-t 1  OV/-C cL- 


S 


0.96 

0.9 

0.66 

□ 

0.73 

n 

|  0.63 

1 

0.3 

0.46 

0.4 

m 

1“ 

D 

0.2 

0.13 

0. 

•  « 

1 

** 

0.19 

0.21 

0.29 

0.26 

0.29 

0.33 

0.37 

0.42 

0.47 

0,34 

0.64 

0.60 

0.78 

0.83 

0.19 

0.93 

0.96 

_ , 

— 

0.2s 

0.24 

0.26 

0.29 

0.32 

0,36 

0.41 

0.43 

0,31 

0.37 

0.64 

0.71 

0.78 

0.83 

0.9 

0.93 

0.95 

— 

— 

— 

•.3 

0.29 

0.32 

0.33 

0.30 

0.43 

0.40 

0.33 

0,6 

0.66 

0.73 

0,8 

0,86 

0.9 

0.94 

0.96 

— 

— 

— 

— 

0.3ft 

0.33 

0.37 

0.41 

0.45 

0.5 

0.36 

0.62 

0.68 

0,74 

0,81 

0.86 

0.91 

0.94 

0.96 

— 

— 

— 

— 

0.4 

0.30 

0.42 

0;47 

0.32 

0.37 

0.63 

0.69 

0.73 

0,81 

0,86 

0.91 

0.93 

0,96 

— 

— 

— 

— 

— 

— 

0.40 

0.43 

0.47 

0.32 

0.38 

0,64 

0.7 

0,76 

0.61 

0.87 

0.91 

0.93 

0.96 

- 

— 

— 

— 

— 

— 

0.3 

0.40 

0.33 

0.36 

0.64 

0.7 

0.76 

0.02 

0.89 

0.91 

0.94 

0.93 

— 

— 

— 

— 

— 

— 

— 

0.33 

0.32 

0.57 

0.63 

0.69 

0.73 

0.82 

0.87 

0.91 

0.94 

0.95 

— 

— 

— 

— 

— 

— 

— 

0.* 

0.37 

0.63 

0.69 

0.75 

0.61 

0.87 

0.91 

0.94 

0.93 

- 

— 

— 

— 

— 

— 

— 

— 

— 

0.03 

0.02 

0.66 

0.74 

0.01 

'0.8$ 

0.91 

0.94 

0.93 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.7 

0.60 

0.73 

0.0 

0.06 

0.9 

0.94 

0.93 

— 

— 

— 

— 

— 

— 

- 

— 

— 

— 

— 

0.73 

0.71 

0.78 

0.03 

0.9 

0.93 

0.93 

— 

— 

— 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

0.0 

0.76 

0.63 

0.09 

0.94 

0.93 

— 

— 

- 

— 

— 

— 

— 

— 

— 

- 

— 

— 

— 

- 

0.03 

0.0 

0.00 

0.93 

0.93 

- 

— 

— 

— 

— 

- 

— 

_ 

— 

— 

— 

— 

— 

— 

0.9 

0.03 

0.92 

0.* 

— 

— 

— 

— 

— 

— 

— 

- 

— 

- 

— 

— 

— 

- 

— 

— 

1 

0.96 

— 

— 

—  . 

— 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

- 

— 

Mote:  For  intermediate  values  {  and  \  one  should  take  nearest 
low  values  > 


! 


I  _ 
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Page  68. 

During  the  determination  of  an  effective  nuaber  of  electrical 
receivers  for  a  large  ruab«r  chat  leading  of  lines,  several 
transformer  points,  distributive  substations  and  the  like  is 
allcwed/assumed  to  apply  taa  siaplafied  calculation  procedure  which 
consists  of  the  following. 

For  the  individual  lxnss  cr  the  substations,  for  which  earlier 
were  determined  the  values  of  ccainal  power  and  effective  nuaber  of 
electrical  receivers,  are  calculated  the  power  cf  conditional 
electrical  receivers  frca  the  fctaula 

kNA/,  (3-26) 

where  and  n.  -  respectively  tcainal  pcwer  and  effective  nuaber  of 
electrical  receivers  of  tne  line  an  question  cr  substation. 


Table  3-7.  Coefficient  cx  maximum  for  different  coefficients  of 
use  k»  in  depending  on  an  effective  number  cf  electrical  receivers. 
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In  this  cas?  is  net  considered  the  load  cf  stand-by  electrical 
receivers,  repair  arc  welding  transformers  and  other  repair 
electrical  receivers,  fira  pumps,  cr  electrical  receivers,  which  work 
short-term  (drainage  pumps  of  gate,  valves/gates,  plate  locks,  etc-). 
The  load  of  such  electrical  receivers  is  considered  only  during  the 
calculation  of  feeding  these  receivers  lines  and  lines,  which  feed 
power  distribution  pcints,  to  weien  they  are  connected. 

The  determination  cf  aa  afrective  number  of  electrical 
receivers,  coefficients  cf  aaxiaua  and  demand  fer  the  conditional 
electrical  receivers,  calculated  according  tc  formula  (3-26) ,  is 
conducted  by  the  method,  presented  above  for  the  individual 
receivers . 

During  the  final  peg  count  suamary  must  be  taken  into 
consideration  the  reactive  power  or  those  connected  of  the 
n®twork/grid  of  capacitor  backs  (power  of  batteries  of  static 
capacitors/condensers  are  considered  with  the  sign  "minus"),  and  also 
loss  of  active  and  reactive  power  in  the  step-dewn  transformers. 

For  the  electrical  receivers  with  the  slightly  varying  in  the 
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tine  load  (pumps  of  water  supply,  fans,  heating  and  heaters, 
resistance  furnaces,  etc.)  tie  coefficient  cf  demand  can  be  assumed 
equal  to  the  coefficient  cf  the  use: 

Kt—Km-  (3-27) 

The  method  of  determining  design  loads  presented  is  r eccmmended 
to  apply  at  all  steps/stages  ana  rcr  all  elements  of  the  system  of 
the  power  supply  of  industrial  enterprises  without  the  introduction 
to  the  calculations  of  the  reducing  coefficients.  Is  alloved/assuued 
the  use/application  cf  a  coefficient  cf  participation  in  the  maximum 
in  limits  of  0.9-0.95  in  cases  wnen  during  the  determination  of  loads 
at  the  highest  steps/stages  of  tha  system  of  power  supply  it  is 
possible  to  expect  ncnccincidence  m  the  time  cf  the  maximally  loaded 
exchanges,  and  also  during  tha  tentative  calculations. 

Table  3-8  gives  tctal  aours  of  utilization  of  maximum  power  for 
the  lighting  lead  of  industrial  enterprises. 

Example  to  3-1.  In  tne  saparation/department  of  the  shop  of 
industrial  enterprise  is  astaclished/installed  the  group  of  electric 
motors  to  the  nominal  vcltage  300V  with  the  ccntinucus  duty.  By  the 
value  of  the  coefficient  of  use  taa  electrical  receivers  are 
di vided/marked  off  into  three  subgroups,  for  each  of  which  Table  3-9 
shows  a  number  and  the  pewer  cf  engines,  total  nominal  power,  values 
cf  the  coefficients  of  use  and  pewer. 
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It  is  necessary  tc  determine  design  loads  for  the  entire  group 
cf  the  electric  motors  cf  separaticn/departaert . 

Solution.  Are  determined  values  tg<p  cn  Tables  1-2  in 
depending  on  values  cos#  (octainaa  values  are  shewn  in  Table  3-9) . 

For  each  of  the  subgroups  ct  engines  are  determined  average/mean 
power  for  the  most  leaded  axcharge. 
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For  the  first  subgroup  average/mean  active  power  on  (3-12)  is 


=uual  to: 


Key:  (1)  .  k3. 


?«■!=•  256  0,6- 160  rtf 


avarage/mean  reactive  power  on  (3-8) 


Vex  — 160  -  0,62  -  99  neap. 


Key:  (1).  kilcvar. 


Analogously  ace  determined  avsrage/mean  power  for  the  second  and 
third  subgroups  cf  electric  meters. 


The  total  avsrage/aean  active  and  reactive  pewer  of  the 
separ at icn/department  cf  shop  rcr  the  most  leaded  exchange  are  equal 


respectively: 


Ptn -160+ 126  +  34  -  320  km-. 
Qc»— 99+111+45— 255  *m$p. 


Key:  (1).  kW.  (2).  kilevar. 
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TaDln  3-R.  Annual  total  hours  cr  utilization  cf  a  maximum  lighting 
load. 


Q  1  Poa  oe»«nrre4k«oi  n»rpy3m 

(h '  BnympeHHte  acaeippme  d.m  teczpaifiusecKux  meant 
40-60 * 

)  PafioMee  ocaeuiemie:  j 

(51  npH  cuhoS  e*ene . 

tjf'Rpii  rays  cM«Hax . 

v *npn  rpex  c.Menax . I 

(2)  AaapRflHoe  oOmee  oc»eu«HHe . 

(j?'i  ilono.iHRTe-ibHbie  csera.ibHHKH  aajpnSnoro  ocBeaMRU  .  . 

(/o')  HapyxcHce  actemaHtie  COAX  acex  mipom J 

(X)  PaOoHee  ocBememte  mbojckhx  reppHTopafl,  BK-vcmeuae 
e*ecvrosHo: 

(U)  H3  BOO  HOHb  . . . 

(;Oao  I  « . 

(igjao  24  * . . 

(/OTo  J*.  0K.iK>iae\ioe  a  pafiOMHe  ahh: 

TOhI  BCK>  HOHb . 

UPao  If . 

\  2i  ’ . 

(/’•JOxpaNHoe  ocaememte,  BK.itcmeuoe  ewecyTOMHo  na  acio 

.  ,  HOMb  . 

(/_/  |Pa<5otee  txBemcHHe  TeppHTOpmt  noce.iita,  BK.iraoaevoe 
e<«ecyTOMHO: 

( /£)  H3  BCK)  . . 

m\io  l  « . 

TtKao  24  s . 


[  Macao  cacoa  uc- 

,  IKUblOBaRM  M»> 

eiMUbNoll  Mem* 

HOCT»  C^) 


180-400 
1750-2000 
3800-4  300 
4  800 
4100 


Key:  (1).  Kind  of  lighting  lead.  (z)  .  Total  heurs  of  utilization  of 
naxiraura  power.  (3)  .  Interior  lighting  foe  geographical  latitudes  cf 
40-60°.  (4).  Is  working  illumination .  (5).  upon  one  exchange.  (6). 

upon  two  exchanges.  (7).  upon  taree  exchanges.  (8).  Emergency  general 
illumination.  (9).  Supplementary  illuminating  lamps  cf  emergency 
liqht .  (10).  Exterior  ligating  (icr  all  latitudes).  (11).  Are  working 
illumination  of  plant  territories,  including  daily  (12).  on  entire 
night.  (13).  to  1  h.  (14).  to  *4  h.  (15).  The  same,  including  during 


DOC  =  30040304 


PAGE  ft) 


workdays.  (16).  Guard  illuminat ion,  including  daily  cn  entire  night. 
(17)  .  Are  working  illumnaticn  cr  tsrritcry  cf  settlement,  included 
daily.  (19).  Note.  Tctal  hours  cr  utilization  of  working  illumination 
upon  one  exchange  for  different  geographic  latitudes  composes.  (19). 
Latitude,  deg.  (20).  Total  hcurs  or  utilization. 
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Average/mean  value 

255  „  . 

«*--38r-°-s* 

Tctal  number  of  electric  meters 
/I-2+3+ 6+4+6+ 10-31. 

The  group  coefficient  of  usa  for  all  electric  motors  is 
determined  on  (3-12): 


320 

560 


-0,573. 


For  determining  the  coatncient  of  «aximum  should  be  foend  the 
value  of  an  effective  rumner  cr  electrical  receivers.  Power  of 

the  greatest  engine  cf  group  (Tatie  3-9) 

^,.*•■•  —  100  Ur; 

Key:  (1).  kW. 


the  power  of  the  smallest  engine 
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Electric  motors  in  power  cd  2.2  k»  in  this  case  are  not 

considered,  since  their  total  pcwer  comprises  less  than  5o/o  total 

power  of  the  group  of  the  engiues: 

10-2^ 

•  100  -  3.93  •/.  <  5  •/.. 

On  (3-16)  the  value  or  the  relation 


According  to  data  of  fitie  3-5  effective  number  of  electrical 
receivers  cannot  be  equated  to  their  real  number  and  must  be 
determined  according  tc  Tables  3-6  in  depending  on  values  ?  and  *• 

As  can  be  seen  frcaTaflle  3-9,  a  number  cf  electrical  receivers 
in  the  group,  the  installed  power  of  each  of  which  is  egual  cr  more 
than  to  the  half  the  power  cr  largest/coarsest  receiver,  n4=2,  since 
the  half  the  power  of  largest/ccarsest  electric  motor  composes 
100/2  =  50  kH  and  number  indicated  it  is  limited  to  a  number  of  engine 
in  power  on  100  kW.  The  power  cf  these  engines  is  egual  to: 

100—200  k»t. 

Key:  (1).  kW. 


WMMn*.  .-  v-  -  - 


He  find  values  /  and  *  respectively  through  (3-17)  and  (3-18) 


200_ 
”  560 
_2_ 

”31  " 


0.359: 


0.0W5  • 
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On  Tables  3-6  for  obtained  values  £  and  *  *e  determine  the 

relative  value  of  an  affective  runcer  of  electrical  receivers: 

if-  0,38 

(according  to  note  to  tafcles  3-6  for  the  intermediate  value  cf  value 
i*  is  accepted  nearest  smaller  value  •**' 
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An  effective  number  of  electrical  receivers  is  determined  on 


(3-20)  : 


0,38-31  =  11,8. 


In  depending  on  the  value  cf  the  group  coefficient  of  use 
K,-o$n_  and  affective  number  cr  electrical  receivers  «.=n.8  in  Tables 
3-7  by  method  of  inter pclaticn  determine  the  value  of  the 
coefficient  of  iha  maximum: 

X.-I.24. 


The  values  of  the  calculated  ones  of  tbs  active 
power  of  the  separatior/defartaeat  of  the  sbcf  of  an 

determined  on  (3-21)  anc  (3-22): 

°- 154  -  320  -  397  ker,  h) 

Q  =  397-  0,8-  318  KgSp. 

Key:  (1).  kW.  (2).  kilcvar. 


and  reactive 
terprise  are 


The  amount  of  complete  rated  tower  cn  (3-23)  is  equal  to 
5  =  Y 307* -)•  318* -308  kVA,  and  coefficient  of  power  cn  (3-25) 


CO*f 


397 

508 


-0,78. 
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Example  3-2.  To  determine  design  loads  fcr  the  line  on  the 
nominal  voltage  6  kV ,  cowering  four  shop  TP,  fcr  which  fcy 
Dr ecompu Nation  were  determined  toe  power  and  an  effective  number  of 
electrical  receivers,  and  also  average/mean  active  and  reactive  power 
for  the  most  loaded  exccange  (see  Table  3-10). 

The  total  power  of  connected  to  the  netwcrk/grid  capacitor  banks 
composes  650  kilovars. 

Solution.  We  determine  tns  coefficient  cf  utilization  of  all 
connected  to  the  line  electrical  receivers  in  (3-12): 

„  I  ISO 

"  2  37jj  "0,473. 
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"Table  3-9.  Calculation  data  roc  exam?!*3  3-1. 


8. 

i« 

- S3 - 

fcxiMvccTao  n  Ho*MR34kHa«  wom- 
MOCTh  »1eRTponpHeMHMKO« 

i 

u 

f 

Cp«Atf«*&) 

WOSIHOCTb 

39  HaxSojiee 

m 

q 

w 

u 

5 

o 

A 

X 

i 

M 

X 

nyio  CMwy 

c  o 

e! 

n 

iu 

3 

N 

u 

V 

5 

O 

M 

4 

5 

I! 

i 

i 

1 1 
s  * 

3 

V 

y 

i 

x 

4 

!• 

(J 

O 

I1 

is 

a* 

. 

-  j 

2.0 

U  x 

V 

is 

if 

if 

W 

X 

sr 

X 

t: 

38 

^  X 

!. 

*  X 

K  ■ 

5  at 

S.S 

1 

2 

100 

3 

22 

266 

0,6 

0,85 

0,62 

160 

99 

2 

6 

30 

— 

— 

_ 

_ 

180 

0,7 

0,75 

0,88 

126 

111 

3 

4 

17 

6 

4 

10 

2,2 

1 14 

0.3 

0.6 

1.33 

34 

45 

1)  ill*  Bcert  rpynnw  >.7CKTponpn- 

CMHHKOB 

560 

0,573 

0,78 

0,80 

320 

255 

n  pa  MeuiMt  8  nepaixi  ccmm  craifbias  fuuiiu  3«ASNin«e  Kjuntni. 
OcTumnwe  •e.n'iKim  onpeaejicxu  0u.ix  npn  ptmeRM  npaxep*. 


K?y:  (1).  Quantity  and  ncainal  fC«ar  cf  electrical  receivers.  (2). 
Average/mean  power  for  nest  leaded  exchange.  (3).  subgroups  of 
electrical  receivers.  (4).  quantity.  (5).  power  k».  (6).  Total  power, 

kw.  (7).  Coefficient  cf  use.  (d) .  Power  factor.  (9).  active,  kw. 

(10).  reactive/ jet ,  kilcvar.  (11).  For  entire  group  of  electrical 
receivers.  (12).  Note.  In  the  nrst  seven  columns  are  shown  the 
assigned  magnitudes.  Remaining  values  were  specific  during  the 
solution  cf  an  example. 
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He  determine  the  pc*«r  cf  conditional  electrical  receivers  from 
(3-26)  :  for  TP1 

fix  ■*  “Jg  »  17,7  mm. 


key:  (1).  kW. 
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for  TP2 


I  200 

45  =  26,7  KMI  H  T.  A. 


Kay:  (1)  .  IcW,  *»tc. 


The  results  of  calculation  are  shown  in  Table  3-10. 

We  compute  tha  relation  or  tne  power  of  the  greatest  conditional 

electrical  receiver  and  smallest  on  (3-16): 

26,7 

"*  ”  8.92  “'*■ 

Tha  obtained  values  of  the  coefficient  of  use  and  value  a 
satisfy  the  indicated  into  lane  3-5  conditions,  consequently 
effective  number  of  electrical  receivers  for  the  line,  which  feeds 
TP  1-4 ,  it  can  be  accepted  by  me  equal  tc  a  tctal  actual  number  of 
conditional  receivers  «»-l39. 

Th-a  value  of  the  coefficient  of  maximum  we  determine  on  Tables 
3-7  depending  on  values  K,—0A 73  and 

JC.-J.oa 

The  values  of  design  loads  ({.ewer)  we  determine  frem  formulas 
(3-21)-  (3-25) . 


1.  With  off  caDacitcr  tanxs 
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Active  power 


0> 

P-1,06  - 1  120-1  190  Ktr. 


Key : 


990  C'5 

Q  —  I  190  pj20  =*=  1  °60  ««P. 

The  reactive  power 


Key:  (1).  kilcvar. 

The  total  power 

S  -  K  l  190*  +  1  050*  -  I  590  &a. 
Key:  (1).  kVA. 


Current  of  the  lire 

Pactor  of  the  power 

1 190  .  _ 

wf-Tao -0.75. 

2.  with  completely  connected  capacitor  tanks, 


Active  power  (disregarding  power  losses  in  th; 
capacitors/condensers) 

P-l  190  Jar. 


Key:  (1).  kw 
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During  the  design  cf  tne  group  netwcrk/grid  of  apartments  the 
minimum  norms  of  specific  design  loads  should  fce  accepted: 

12  »/m2  -  for  illuminating  cr  living  rccas  and  kitchens: 

8  3/m2  -  for  illuminating  the  remaining  locations  of  the 
general/comraon/tctal  use  of  tae  apartments  (tut  not  less  than  one 
tube  with  a  power  of  25  b  fcr  caca  location)  ; 

30-40  W/mz  -  for  the  appliance  lead  of  living  rooms  and 
kitchens. 

For  determining  rated  power  of  the  separate  compcnents/links  cf 
the  feeding  intra-house  ligating  system  cf  hatitatle  buildings  should 
be  used  the  data  of  Tati  €  3-11. 

Design  loads  of  hatitatle  nouses  for  three  basic  versions  of 
electric  requirements,  determined  iy  the  degree  of  the 
electrification  of  apartments,  are  given  in  Table  3-12. 

The  values  indicated  consider  the  lighting  and  appliance  loads 
cf  apartments,  and  alsc  tne  ligating  lead  of  the  public-housing 
locations  of  habitable  buildings  with  corresponding  coefficients  of 
demand  and  is  not  considered  tne  power  and  illumination  leads  of  the 
self-contained  in  the  administrative  relation  uninhabited  locations. 


4 
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Tiole  3-10.  Calculation  data  rcr  example  3-2. 


j*  m 

ROCTb  Af. 
rsm 

7 ^ 

Cp**mhh  van 

.tee  Harpy  me 

airrnSauw 

Pc-.  Ktm 

KOCTfc  3*  *an6o- 
MMyJo  cveny 

H7S 

pcarrRSHa* 
<?c*-  *«*P 

U| 

Mom «oct  b  ye- 

A 0# H CTO  32ICK- 
TponpHevHBRa 

P*j.  vrnn 

i  l 

400 

280 

240 

26 

17,7 

£  2 

1  200 

450 

340 

45 

26,7 

E  3 

♦  10 

145 

170 

46 

8,92 

1  4 

300 

245 

240 

22 

13,6 

Bcero 

2  370 

1  120 

990 

139 

— 

Key:  (1).  Average/mean  fewer  for  tne  most  loaded  exchange.  (2). 
Nominal  power  k».  (3).  Effective  number  cf  slectrieal  receivers. 

(4).  power  of  conditicral  electrical  receiver  kH.  (5).  active 

kW.  (6).  reactive/ jet  oi  kilovar.  (7).  In  all. 


Page  75. 

For  the  cities  with  the  population  to  20  thousand  inhabitants, 
with  exception  of  plant  settlements ,  and  also  for  the  farmstead 
fcuildings-up  specific  lecds  are  received  by  the  same  as  for  the 
cities  with  the  population  tc  1000  thousand  inhabitants,  but  with  the 
coefficient  of  demand  C.5-0.8. 

During  the  design  of  mtratlock  networks/grids  cne  should  for 


the  base  accept  design  lcau  or  cne  apartment  (cnTatles  3-12)  and 
number  of  apartments,  supplaea  ty  line  cr  transformer,  with 
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consideration  the  appreciate  coefficient  of  demand  (diversity 
factor),  determine!  cn  fablzs  3-13. 

During  the  design  cr  me  group  lighting  system  cf  public 
buildings,  hotels,  hostels  and  hoarding  schccls,  public-housing 
locations  of  habitable  buildings  (staircase,  garrets  and  basements, 
boiler, ''Red  Corners,  ate.),  aru  also  all  remaining  placed  in  the 
habitable  buildings  uninhabited  locations  (commercial  and  storage 
location,  workshops,  studio,  barbershop,  administrative  locations, 
etc.)  calculated  load  ere  stculd  determine  according  to  the 
illumination  engineering  calculation,  accepting  the  coefficient  of 
demand  equal  to  1, 

f^ated  power  of  the  tetwcrx/grid  of  the  feed  of  plug  sockets  must 
be  determined  taking  intc  acccurt  the  power  cf  the  connected 
electrical  receivers. 

Design  loads  during  tne  introductiocs/inputs  into  the  public  and 
public-service  buildings  are  determined  according  to  the  projects  of 
their  internal  electrical  equipment  and  electric  lighting.  The 
sxsmplary/approxiraat  <=  values  cr  tne  values  cf  these  leads  for  the 
most  characteristic  buildings  are  shown  in  Table  3-14. 

For  determining  design  loads  cf  the  public  and  public-service 
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buildings,  in  reference  to  the  busbars  of  transformer  point,  must  be 
considered  the  coefficient  cf  the  demand  (coefficient  of 
participation  in  the  maximum) *ncse  ex  implary/approximate  values  are 
qiven  in  Table  1-15. 
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Tabla  Specific  design  loads  from  the  illumination  and  the 

domestic  electric  appliances  icr  calculating  the  scaring  netvork/grid 
cf  habitable  buildings. 


(?^  y.acroc  ormxnel  cera 

:  CM 

yjieAiiiias  pattern**  Marpyjua.  otmccchmjm 
■  MHJiofi  (oruatMsaeMoA)  cutomajH  K*aprnp. 
xan  ropoaoa  c  mbcjiom  jorre.iefl.  tuc. 

1  CiJ  40  1  000  | 

QW  fiojiec  1  000_ 

7ST 

It.unt* 

4-J 

Sea  r.]«4ii- 

UUHH 

c  f35*t>ii- 

itaitmA 

(f  JleCTHHMHbie  nHTaKXUHC  .1HHHH 
(CTOfIKH) . 

18 

20 

20 

25 

(x 1  BkyTpuAOMOBtte  rurraiamHe 
Jinan . 1 

i 

is 

17 

18 

22 

Key:  (1).  Specific  design  lead,  in  reference  tc  the  habitable  (paid) 
area  of  apartments,  fer  toe  cities  with  a  number  of  inhabitants, 
thousand.  (2).  Section  cf  power  line.  (3).  tc.  (4).  it  is  more.  (5). 
with  gasification.  (6).  wirncut  gasification.  (7).  Stairs  feeding 
lin*s  (risers).  (8).  Intra-nouse  feeding  lines. 
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In  the  absence  of  precise  data  about  the  building-up 
blocks  of  city  in  the  projects,  uaich  foresee  the  step  by 
development  of  intratlcck  ne twe r ks/grids ,  one  should  take 
averaged  values  of  specific  leads  cn  1  a2  of  the  working 
area  cf  public  buildings  according  to  fable  3-16. 


of  the 

step 

the 

(useful) 
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Table  3-12.  Specific  design  loads  from  the  illumination  and  the 


domestic  electric  appliarces  for  toe  habit 

apartments  with  dwelling  space  cn  the  erde 

O' 

Turn,  m-iptHp 

(!) 

CoepeifeHtiurt  rtpocKTiiuft 
ypotcHb  (1969  — 1970  r.) 

i?shrt 

a|s|  j*, 
5s*s2-i 

PicncTMal  MarpydKO 
na  asoAe  ■  xaapnipy 

Pac'iemal# 

Marpysica 

Ha  BOO  AC  B 

not/  (npn 

vm 

Q> 

mn/Mt 

qaexe  imp* 
mp.  pa»- 
ROM  30), 

am/** 

psfSs 

aJS*5i 

&US92 

1.  )Kii.ihie  K&ipnipu  c  ra- 
ohi|jiikju>ic>i  (h.i  oecb  nepcncK- 
TMBHtjA  ncpHoa): 

A.  Topoaa  h  noceJKH  c 
MIK.IOM  /KBTe.ieA  JO 

1  M.1H . 

•  0.8 

27 

12  \ 

5.  fopo/in  C  WHC.10M  1KH- 
Te.icfl  flo.ice  I  m.ih.  .  . 

1 

33 

,») 

25-30 

( 8)  2.  >Kii.:hie  KmpTHpbi  Gea 

raBKl(!IIK.mHH  —  C  OrnCBblMH 
nJHTBMU  Hj  nepBOM  arane  H 
ncpcneKTHBOH  nepexoja  Ha 
craiuioii.ipiibie  3-iCKTponjHTu: 
A.  fopoja  h  noceJKH  c 
hic.iom  /KHTejeA  jo 

1  M.1H . 

l 

33 

IS  ) 

B.  Topoja  c  mhcjow  *«• 

C  re.ieii  Go.tee  1  man. 

/Kiuue  ko :pTiipw  c  yc- 

T3H0BK0H  KVXOHHUX  MCKTpO- 
nanT  Ha  nepBOM  static  .  .  . 

1.2 

40 

18  ! 

50-55 

4—4.5 

133—150 

44—50 

50—55 

(M) 


n  p  in  e  m  h  h  x:  I.  ftp*  mxnoft  onjiaxnsacMOft  jmouujui  KtapTKpu 
■  fipCAMJx  25  -35  .**  pac'xeTNuc  iiarpyjKH  xeapTHp  np*M>»ii«mTca  no 

TaCx.  3  :2  (5c j  tfiMCHCitnft.  Koapritp  c  MHMioft  n.iotuajfcio  (Jo/ibnic  33  ** 

*.ih  Mctibutc  25  m1  pjcierwue  iiarpyaKw  nepcc’urrbinniorc*  no  (panTHMCcicot 
IWIlIHlie  IMoilUAif.  MO  H3MCHCHIIX  paC’lbTHMX  HOrpyjOK  npXIIMMaKJTCH  nc  (S04k- 
ujc  'I cm  Ha  no  rp.ionetimo  c  na  rpy  ik.imh.  ynaasHitUMH  a  Tafi.i.  3*12  2A* 

KBJprHp  c  momaabio,  pamtofl  30  **. 

2.  PacxrrMwc  mrpyiKw  j.i*  naaprHp,  otfopjaoaaHHUx  xyxoiiHbiMii  yjcvTpo* 

n, iMT3MH,  noi.tc/xiT  yroHHciniio  nocne  jxuKpnMCirraxbKoft  npooepKH.  Menbiflxc 

ae. iHMMH'j  yK.i.tamtMx  a  rafln.  3*12  pac'ie-mux  narpyaoK  pexoMcnaycrca  np»- 
HHMark  npx  m.i.ih’imm  ucirrpa.iMaooaiiHoro  ropimero  8oxocn»6tteHH*. 

X  Hpx  fooTtMJrcrayioufH.t  otiociioaaHHxx,  nanpHnep  rip*  a  npoex* 

rax  aoxna  ycrpoAcra  ax*  ■OHanaMOMHpoMiw*  soa&fia.  jicx«m«i  *arpyo*n 
Moryr  npHHiiMarwc*  a  noobiuieimoi*  no  cp**NCniiio  c  iiuhmxh  t*<Vj.  3*12 

paiMCpe. 


Key:  (1).  Contemporary  designed  level  (1969-1970).  (2).  Types  of 

apartments.  (3).  Design  load  during  i.ntrcducticn/input  into 
apartment.  (4).  Design  lead  during  intrcducticn/input  into  house 
(with  number  of  apartments,  egual  to  30)  W/m2.  (5).  Promising  level 
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(1975-1980).  Design  load  during  tae  intr cduction/input  into  the  house 
(with  the  number  of  apartments,  equal  to  30)  ,  H/m2.  (6)  .  KVH.  (7)  . 

B/m2.  (8).  1.  Habitable  apartments  with  gasification  (for  entire 

premising  period) :  A  of  city  and  settlements  with  number  of 
inhabitants  to  1  million.  3.  Cities  with  number  of  inhabitants  are 
mora  than  1  million.  (9).  2.  damnable  apartments  without 
gasification  -  with  fire  pla tes/sla bs  during  the  first  stage  and 
prospect  fer  transition/ junction  tc  stationary  electric  stoves:  A. 
Cities  and  settlements  wita  a  numoer  of  inhabitants  to  1  million.  B. 
Cities  with  number  of  inhabitants  are  more  than  1  million.  (10).  3. 
Habitable  apartments  with  installation  of  kitchen  electric  sieves 
during  the  first  stage.  (11).  notes:  1.  With  the  habitable  paid  the 
areas  apartment  within  tbe  limits  cf  25-35  ■*  design  loads  of 
apartments  are  accepted  cn  Tkjjle^  j-12  without  the  changes,  for  the 
apartments  with  the  dwelling  space  more  than  35  m2  or  less  than  25  m2 
design  loads  are  recounted  in  taa  actual  value  cf  area,  but  changes 
in  design  loads  are  accepted  nc  acre  than  tc  ■*-20o/c  in  comparison 
with  the  loads,  indicated  in  latle  3-12  for  the  apartments  with  the 
dwelling  space,  the  equal  tc  30  a2. 

2.  Design  loads  fer  apartments,  equipped  by  kitchen  electric 
steves,  are  subject  to  refinement  after  experimental  check.  The 
smaller  values  of  indicated  in  Taol®  3-12  design  loads  should  be 
taken  in  the  presence  cf  the  csntralizsd  het  water  supply. 
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3.  with  corresponding  substantiation,  fcr  example  with  presence 
in  designs  of  houses  of  dev jces/eguipment  fcr  air  conditioning, 
calculated  loads  can  be  accepted  m  increased  in  comparison  with  data 
of  Table  3-12  size/dime tsic c. 

Page  77. 

In  the  precomputations  warn  tne  rough  estimate  of  the  necessary 
transformer  power  design  lead  can  te  determined  with  the  aid  cf  the 
giv°n  total  specific  lead  of  all  users  of  habitable  and  public- 
public-servica  sectors,  in  reiarence  to  1  m*  cf  the  habitable  paid 
area.  For  the  contemporary  assigned  level  without  the  use/applicaticn 
in  the  habitable  houses  cf  xitenen  electric  stoves  the  value  cf 
specific  load  it  should  te  taxen  as  equal  frc»  20  »/mz  (for  the  low 
building-up)  to  30  w/m2  (fcr  the  multistage  building-up). 
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Tabl3  3-13.  Values  of  tne  coefficient  of  demand  for  different 
quantity  of  apartments,  wuich  cttam  feed  fret  the  line  or  the 
transformer  point. 


Key:  (1).  Number  of  apartments.  (2).  Designation  of  users.  (3). 
Habitable  houses  without  electric  stoves.  (4) .  Habitable  houses  with 
kitchen  electric  stoves.  (5) .  Note,  in  the  presence  of  substantiated 
data  that  consider  local  special  features/peculiarities,  values  of 
the  coefficients  of  demand  they  can  be  accepted  in  the  increased 
against  Tak/«  3-13  size/dimensior ,  cn  under  the  condition  sc  that 
design  loads  would  net  emceed  these  established/installed  in  Chapter 
VII- 1  of  the  POE. 

Table  3-14.  Tentative  design  loads  during  the  introductions/inputs 
into  tha  public  on«s  tc  p ublic-ser vice  buildings  (illumination, 
electric  appliances,  electric  meters,  etc.). 


Mkjsih  PT»P  _ 

I  r)  Hmnwww  _ — - — - - - — - -  ! 

'■t  norptdHrtjicft  J  |g  jo  |  10  40  SO  100  M0  W0  500 

„,r  „.fi2  9.5  0.45  0.43  0. 42  0.41  0.31  0.37  0.36 

Fm)H!uim  40,1  0  «y- 

*5“jj“  .  0,89  0.47  0.4  0.35  0.33  0,3  0.20  0.20  0.24  0.23 

( Ilo«  HaJiH’iHPi  o6oc«o«kiiu»  jamiM.  ymTHiaioHH*  «ecTi4**e 
SmSchhoct*  JUa'i.M.a  unaktuiuucuToa  enpoca  «oryi  npmiHMaTfcC*  » 

il3  p^«^  P-.lcac.HlT  .  roO-  P-cm.thu.  Harpy  a.H  * 

eui  ycT«*o*»eJ»ow*  ft  M»  VIM  nY3. 
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e.  3  -  if . 


(j  )  Hi  iHtmiM  ■  c  not  p<6*r«jts 


~~TD - 

PacitTRue 
HarpysRH.  «n 


(  31 'OOuie*nTHs  Ha  200—  400  w-i . 

\4 'riojiHK.iHHHKH  iia  750  noceiuenHft  a  aenb  .  . . 

t  ■ SlBoJiwuuui  Ha  200 — 400  xoex . 

Q^Eo-lbllHUbl  H3  50  xoex . 

(jlflercKHe  caau  t«  !50  siecr  (Sea  3.t«xxponaHT)  .  .  •  . 
(S^leTCKHe  rc-ih  Ha  100  necr  (6ea  acieKiponaar)  ■  .  • 
(VlflercRHe  caau,  coaMemeniiue  c  hc.ihmh,  Ha  135  uecT 

(c  aaeRTpon.iHT3Mn) . 

(_m'i  LLIko.iu  Ha  hhc.io  mcct  nopHAKa  1  000  . 

(iilUlxoau  Ha  200 — 500  MecT . 

OiToproBbie  noMcmeiiHH  iia  15  paOoxHX  Mecr . 

0*To  we  c  ajieRTpoxaioaH.ibiibiMH  ycTMOBKaMR . 

mV HHBepMarH  Ha  50  paGoiiix  uecT . 

tyilloMemeiiHH  oOutccTBCiiiioro  hutbukh  Ha  mhc.io  mcct  no. 

pHAica  500  (croaoBbie,  pecTOpaHbi) . 

C(fcfcToaoBbie  iia  100 — 200  Mecr . 

(pKHHOTeaTpu  na  300 — 1  000  Mecr . 

^/SKHHOTeaTpu  Ha  300 — 500  Mecr . 

i^MacrepcKHe  n  KonfiBiiaTM  CbiToaoro  oCc.ty*HsaHHH  .  . 

0aripa<K<iHue  Ha  1  400  kz  <5e.ibn  b  cMexy . 

(iiBeiiH  Ha  50 — 100  MecT . 

(2  JlOA'bCMHUe  cajiOBue  ycTatio»m«  ■  uaiiimx  (awpTbi) 
hi  cenuuo . .  . 


50-100 

110-150 

255—450 

50—75 

20—30 

25—35 

70—75 

100-160 

50-90 

20—30 

50—60 

115—120 

160-210 
50— 400 
150-180 
130—150 
35—50 
80—105 
10-20 

7—IO 


K-?y:  (1).  Designation  or  osar.  (2).  Design  leads,  kH.  (3).  Hcstels  on 

20C-400  man.  (4).  Polyclinics  to  750  visits  during  day.  (5). 

Hospitals  to  200-400  ccts.  (6).  Hospitals  tc  50  cots.  (7). 
Kindergartens  in  150  placas  (without  electric  stoves) .  (8)  . 

Children's  creche  in  100  places  (without  electric  stoves).  (S). 
kindergartens,  combined  with  crecne,  in  135  places  (with  electric 
stoves).  (10).  Schools  tc  nuacer  of  places  cf  order.  (11).  Schools  in 
20C-500  plac®s.  (12).  Commercial  locations  in  15  work  sites.  (13). 

with  electric  coolirj  installations.  (14).  Department  stores  in 
50  work  sites.  (15).  Placements  cf  public  nutrition  to  numlier  on  the 
erder  of  500  (dining  rccus,  restaurants)  .  (16) .  Dining  rooms  in 
100-200  places.  (17).  Cinemas  m  800-100C  places.  (18).  Cinemas  in 
300-500  places,  (19)  .  Kcncsncps  ana  combines  cf  domestic  service. 


(20).  Laundries  on  140C  kj  cf  lines  in  exchang®.  (21).  bath  in  50-1C0 
places.  (22).  Lift  newer  plants  in  buildings  (elevators  in  section). 
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Tabla  3-15.  Coefficient  cr  participation  in  the  maximum  on  the 
transformer  point  for  the  xoaas  cr  public  and  public-service 
buildings. 


0  ^  HM»eHc*aH»e  norp«fltrr«j»* 

)  Kc«aa«>UUT  y.arra*  ■  mica* 

O) 

0  J  UJko.iu,  aercKHe  yspexcaeKMit,  .ie*4e6- 
Hue  y>«pe*aeHHJi,  npeanpHHTHH  oCiue- 
CTWHHOro  mrraHiui  g  Cutoboco  oSciy- 

,  . . 

.'d’MamHHU  h  ape.iHuiHhie  npeanpmnaji 

0,6— 0.7 

1.0 

0,8— 0,9 

0,5— 0.8 

^ICoorieTCTBeiuo  xapanTepy 
hx  pa6orti 

Ua.VlHcJrrhi  . 

QinpOMiw  citaoaue  npHemmxH . 

Key:  (1).  Designation  cf  user.  (*)  .  Coefficient  of  participation  in 
maximum.  (3).  Schools,  cnildraa’s  institutions,  therapeutic 
institutions,  enterprises  cr  puclic  nutrition  and  domestic  service. 

(4)  .  Stores  and  entertairaant  enterprises.  (5)  .  Administrative 
buildings.  (6) .  Elevators.  (7) .  Ctner  power  points.  (8)  .  According  to 
character  of  their  work. 

Table  3-16.  Averaged  speciric  leads  during  the  introductions/inputs 
cf  public  and  public-service  cuilamgs  fer  the  step  by  step  design  cf 
inn^r-apartment  alectrical  networks  (including  power  and  other 
lcad3)  . 
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Table 


(D  H«H>R**owH«e  norptOnrtjiit 


(S^05cue*nTH(i . 

(4£0.1bHHUU  I  nO.IHK.lHHHKH  .  .  .  . 
Q^teTCKHe  yipe*aeHHa: 

1)  0e3  npaMeHCHim  s/iexTpon.itrr 

Ha  nepBOM  j-rnne . 

2)  c  npHMeiicHHcu  3.iexTpon.iirr  Ha 

(J  )U]ko.iu . 

C9^ToproBbie  noMeuieHm . 

QoToproeu*  noMemcHKH  c  xo.ioaajib- 

HHK3MM . . 

O' ICio-ioBtie  a  pecTopaHBt  (e  opaMene- 

HHCM  J.ieKTpOrMHT) . 

Q'jKaHOTeaTpM 


MiIpomtiim*  ypeatHk  mrpjfwn,  an/** 


ti)  COapCMCHHUt 

l-«  mn 
<1968 — 1970  IT.) 


C*)  ntpCBCKTIIlHUa 

mn 

(IW5—  loao  rr.) 


35 

75 

35 

75 

30 

90 

80 

90 

35 

75 

30 

75 

40 

100 

130 

250 

70 

200 

Qi)  IIimmiim:  I.  Ha  ncpcncitTBaHOtt  nut  opcaooaaranca  npKMciie- 
rn  MCKrpaaiKprHif  ui  apiirOToucra*  mum  to  icex  ubiikbi.  cbumhhux 

C  O0IUCCIKHHUH  IHRTMIMM  (CTOIROBU*.  ACTCKBB  y*p«)KAl»1l»  B  »p.),  t  Tine 

npKMtHCHHe  ycrpoAcra  «mj»u»OMxpo»,»»*  may* a  a  saamaa  rroaoBwa. 
uiMOTcarpOB  *  jp. 

2.  npa  Mamma  acwrpaainaaaaaena  repumre  Beaocaa6aicaaa  a  >«u*- 
aua  Harpjiuu  arrcaax  TM panama*,  croaoaau  a  pKTopaaoa  c  niMRnaa 
aaaarpaaacaaa  aaar  utaytr  mpantaaia  aoaaxaawuiB  am^aaamr  O.a 

Key:  (1).  Designed  level  of  leads,  W/m2.  (2).  Designation  of  user. 

(3).  contemporary  1st  stage  { 1 ^  €  a—  1970)  .  (4).  promising  stage 
(1975-1980).  (5).  Hostels.  (6).  Hospitals  and  pclyclinic.  (7). 

Children's  institutions:  1)  without  use  cf  electric  stoves  during  the 
first  stage.  2)  with  the  usa/application  of  electric  stoves  during 
the  first  stage.  (8)  .  Schools.  (9).  Commercial  locations.  (10). 
Commercial  locations  with  cedars.  (11).  Dinirg  rooms  and  restaurants 


(with  use/application  ci  electric  stoves).  (12).  Cinemas.  (15). 

Notes:  1.  In  the  promising  stage  is  assumed  use  cf  electric  power  for 
the  preparation  of  food  in  all  buildings,  ccncected  with  the  public 
nutrition  (table,  children's  institutions,  etc.),  and  also 
use/application  of  ievices/eguipaect  of  air  conditioning  in  the 


buildings  of  dining  rooms,  cinsnas,  ate. 
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2.  In  presence  cf  centralized  hot  water  supply  tc  specific  loads 
of  children's  institutions,  dining  rooms  and  restaurants  with 
use/application  of  boiling  tarles  should  be  applied  reducing 
coefficient  of  0.9. 

Page  79. 

Tha  coefficient  of  demand  during  the  determination  of  design 
loads  of  the  lines  of  retwork/grid  6-10  kV  takes  as  the  equal  to: 

tha  line  of  distribution  network  -  C. 9; 

the  line  of  power  line  -  G.S1. 

Example  3-3.  It  will  determine  the  calculated  resistive  load  of 
transformer  point  in  the  city  witn  a  number  cf  inhabitants  tc  1  min. 
mans/person  from  whom  is  obtained  the  feed: 

1)  four  50-apartment  nouscs  with  the  gasification  cf  apartments 
with  the  dwelling  space  cr  aacn  of  apartments  32  m2  ; 

2)  school  in  500  places; 


A 
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3)  dining  room  in  2CG  places; 


4)  food  store  with  electric  refrigeration  installations  in  15 
work  sites. 


Solution.  For  one  apartment  with  dwelling  space  32  m*  with 
gasification  in  the  cit?  with  a  number  of  inhabitants  to  1  aln. 
mans/person  on  Tables  3-12  ratea  pcver  is  egual  to  0.8  kil.  The  total 
number  of  apartments  in  four  houses  comprises  4»5C=200  apartments. 


Hated  power  200  apartments  without  taking  into  account  the 
coefficient  of  demand  is  agual  tc: 


0> 

09-200-160  «ir. 

!  Key;  {1).  kw. 

l 

i 

) 

The  coefficient  of  demand  fcr  200  apartments  without  the 
electric  stoves  with  the  gasification  is  determined  on  Table-  3-13; 


Design  load  for  four  nahatanle  houses  with  consideration  the 
coefficient  of  demand  comprises: 

*-0,39. 160-625  * 'Jr. 

Key:  (1)  .  k». 
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Design  loads  of  putlic  Buildings  on  entrance  it  is  determined  on 
Table L  3-14: 

school  in  500  places  -  90  k»; 

dining  room  in  20C  places  -  ICO  kW; 

food  store  -  55  kH. 

The  coefficients  cf  participation  in  the  maximum  of  the  users 
indicated  for  the  transformer  pciat  according  to  Table*  3-15  are 
equal:  school  and  dining  rocm  -  0.65;  stcre  -  1.0. 

Design  load  of  cuflic  cuilaiogs  with  consideration  the 

coefficients  of  demand  and  participation  in  the  maximum 

0) 

P,-0,66- 90+0,65- 100+1-55-1783 

Key;  (1).  kS. 

The  total  calculated  resistive  load  of  transformer  point 
comprises : 

#>-803+1783-241  «tr. 


Key:  (1)  .  k» 
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Section  Fear. 

SELECTION  OF  THE  SECTIONS  Cif  »I6ES  AND  CABLES  ACCORDING  TO  THE 
CONDITION  OF  HEATING. 

4.1.  Permissible  current  loads  ca  wfres,  cables  and  busbars. 

The  permissible  currant  lead  cn  the  wire,  the  cable  or  the 
busbar  is  determined  frea  the  relationshiF/ratic 

U-K.Um,  (4-1) 

where  -  permissible  prolonged  current  lead  cn  the  wire,  the  cable 

cr  the  busbar  under  standard  conditions  cf  the  separator  (see  Table 
4-  1-4  -20  and  4-27-4-31); 

Km  -  the  correcticn  factor,  which  considers  changes  in  the 
conditions  of  the  wiring  and  cables  and  equal  tc  the  product  cf  the 
separate  correction  factors; 

(4*2) 

Correction  factors  are  considered: 

Kj  -  an  actual  ambient  temps rat ure ; 


I 
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K?  -  number  of  laid  in  the  trench  working  cables; 

S3  -  condition  of  the  sheet-tern  or  intermittent  duty  of  the 
electrical  receivers; 

K4  -  section  of  cable  and  its  location  with  the  separator  in  the 
blcck ; 

K,  -  voltage  of  cable  witn  the  separator  in  the  block; 

K6  -  total  daily  mean  lead  cf  cades  with  the  separator  in  the  block; 

K?  -  cable  laying  in  twe  parallel  clocks  of  the  identical  laycut; 

K9  -  wiring  in  the  ducts  and  the  cautes/tra y s ; 

K,  -  increase  in  the  per»issirle  lead  on  the  cables  to  10  kV  during 
the  emergency  mode; 

K 1 o  -  location  of  buspars  on  tee  insulators. 

The  oermissible  prclcngea  current  leads  cn  the  wires  and  the 
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cables  are  giv^n  in  the  tanles  ter  the  ccnditions  of  heating  with  the 
half-hour  maximum  current  lead,  wmch  is  the  greatest  of  the  average 
half-hour  current  loads  cf  this  element/cell  cf  net  worlc/grid . 

fP  Correction  for  ambient  temperature.  By  ncrmal  ambient  temperature 
with  the  wiring  and  cables  in  air  it  is  considered  +25°C,  alsc,  with 
the  cable  laying  in  the  earth/greund  or  water  cf  *15°C.  At  actual 
temperature  of  the  air  cr  earth/gxcund,  different  from  values 
indicated  abov°,  is  introduced  ccrrecticn  factor  K,  ,  determined  from 
Table  4-32  in  depending  cn  the  specified  temperature  of  wires, 
busbars  cr  strands  of  calls,  indicated  in  Table  4-33.  This 
coefficient  is  recommended  tc  apply  only  in  the  cases  of  considerable 
daviation  of  temperature  frem  tee  normal  (areas  of  the  extreme  north, 
cf  the  permafrost,  tropics,  etc.). 

Fag3  31. 

For  the  bare  wires  cf  air  electric  power  lines  by  voltage  higher 
1000V  correction  factor  ty  the  temperature  cf  air  is  net  applied. 

Correction  for  a  quantity  cf  cables,  laid  in  the 
qeneral/comraon/t otal  trenen.  With  the  separator  in  the 
qenecal/ccmmon/total  treccn  ci  acre  than  one  cable  is  introduced 
ccrriction  factor  K2,  determined  cn  Tables  4-21.  Onloaded  reserve 
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cables  in  this  case  are  net  considered. 

If  tha  part  of  the  caoles,  laid  in  the  general/ccmmon/tctal 
trench,  is  loaded  completely,  ard  another  part  -  only  to  50o/c,  then 
during  the  determination  or  tna  load,  permitted  for  the  completely 
loaded  cables,  are  accepted  coefficients  according  to  Tables  4-35. 


Correction  for  the  intermittent  and  short-term  operating  modes. 
During  the  intermittent  cr  shert-term  mode/cenditions  of  the  work  cf 
electrical  receivers  is  introduced  the  correction  factor,  equal  tc: 

K-wm-  <’ 

where  P7  -  the  relative  duration  of  operating  cycle,  equal  tc  the 
ratio  of  time  t,  of  the  start  cf  electrical  receiver  to  the  total 
time  of  the  duration  cf  the  cycle  cf  intermittent  service 

na-£-.  <♦-»> 

Coefficient  K3,  which  considers  the  intermittent  duty  of 
electrical  receivers,  is  incxcduceu  for  the  ccpper  conductors  by 
section  not  less  than  1C  ma2  ana  aluminum  ones  by  section  not  less 
than  16  mm2  when  the  duration  cf  operating  cycle  does  not  exceed  4 
min,  and  the  duration  cf  tha  sutsaguent  pause  is  not  less  than  6  min. 


Correction  for  the  cables,  laid  in  the  blocks.  The  permissible 
prolonged  current  loads  for  run  in  the  blocks  ccpper  triple-ccres 
cable  section  95  mm2  on  tna  voitaga  10  kV  intc  the  dependence  on  the 
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layout  of  block  and  location  of  carle  in  the  block  are  given  in  Table 
4-22.  For  other  conditions  or  tae  separator  cf  copper  cables  in  the 
block  a:°  introduced  the  correction  factors:  in  the  section  cf  cable 
-  K4  in  Tab! .  4-23,  tc  the  voltage  -  Ks  on  7a.lo(£,  4-24,  for  the 

daily  mean  load  of  the  cables,  laid  in  the  tlcck,  K6  on  7a_ble,  4-25 
and  to  the  condition  of  separator  in  two  blccks  of  identical  layout  - 
K7  on  Tcbfc  4-26. 

Correction  for  the  separator  cf  conductors  in  boxes  and 
chut es/trays.  with  the  separator  of  conductors  in  the  ducts,  and  alsc 
the  chutes/trays  as  beans  tne  pemissible  prolonged  current  loads  are 
received  with  a  number  cf  wires  tc  4  on  Tables  4-1  and  4-2  as  for  the 
conductors,  laid  in  the  tubes. 

With  a  number  of  simultaneously  loaded  conductors  it  is  mere 
than  4,  laid  in  the  tubes,  tfce  ducts,  and  alsc  the  chutes/trays  by 
teams,  loads  on  conductors  must  be  accepted  cn  "fables  4-1  and  4-2  for 
the  surface  work  (in  the  air)  witn  the  introduction  cf  correction 
factor  of  Ka,  equal  for  five-six  conductors  0.68  for  seven  -  nine 
conductors  0.63  and  for  10-12  conductors  0.6. 
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Current  loads  on  the  wires,  laid  in  th?  chutes/trays  with  the 
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sinqle-row  separator  (ret  in  the  teams),  one  should  accept  as  for  the 
wir«s,  laid  in  the  air. 

Correction  for  the  caoles  with  the  paper  insulation,  which  work 
under  the  emergency  ccrditicns.  For  the  paper-insulated  cables  by 
voltage  to  10  kV  inclusively,  that  work  in  the  ncraal  ccntinucus  duty 
with  the  load,  which  dees  act  exceed  8O0/0  cf  permissible  prolonged 
current  in  the  heating,  cn  the  period  of  the  liquidation  of  the 
emergency  (not  more  than  5  days)  is  allowed/assumed  into  the  hours  of 
maximum  (by  duration  of  mots  tnan  6  h)  overloading  tc  130o/o,  which 
is  considered  by  the  introduction  cf  coefficient  of  K,=  1.3. 

Correction  for  the  busbars  during  their  attachment  for  the 
insulators  prone.  The  permissible  current  leads  for  the  busbars  of 
rectangular  cross  section  with  their  vertical  run  on  the  insulators 
are  given  in  Table  4-3C.  4irn  location  of  busbars  on  the  insulators 
prone  to  the  permissible  read  is  introduced  ccrrecticn  factor  Kl0, 
equal  for  the  busbars  in  baadwidta  to  60  mm  0.95  and  for  the  busbars 
in  bandwidth  of  more  than  60  as  0.92. 

Durinc  the  determ inacicc  cr  the  permissible  loads  on  the  wires, 
run  in  one  tube,  zerc  wciking  cr  ground  wire  cf  the  four-wire  system 
cf  three-phase  current  taxing  into  account  is  accepted. 
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Zerc  conductors  in  tne  four-wire  system  cf  three-phase  current 
must  have  conductivity  ncr  less  tnan  50o/o,  tut  in  the  necessary 
cases  it  can  be  increasea  tc  lOdc/c  of  conductivity  of  phase 
conductors.  Is  permitted  the  use/applica ticn  cf  wires  and  cables  with 
th?  smaller  conductivity  until  tne  change  of  GCST  tc  these  wires  and 
cables. 

E 

According  to  the  solution  Scyuzglavener gc  No.  7/6-62  cf  17  Harch, 
1962,  in  the  four-wire  nets  ci  alternating  current  with  tha  dead 
greund  of  neutral  is  allcwed/assumed  to  apply  three-strand  pewer 
cables  in  the  aluminum  shall  tc  tne  nominal  vcltage  1  It V  with  the  use 
of  their  aluminum  shells  as  the  zero  working  wire,  with  exception: 

1)  the  dangerously  explosive  installations ; 

2)  the  installations  in  which  during  the  normal  operation  the 
neutral  current  exceeds  75c/c  ct  current  cf  phase  conductors. 

In  this  case  the  permissible  prolonged  current  leads  cn 
triple-cores  cable  take  as  tie  egual  to  the  permissible  current  loads 
for  the  feur-wire  cables  with  the  same  section  cf  phase  conductors. 

For  the  cables,  laid  in  air,  the  permissible  Long  current  loads 
are  accepted  for  the  clearances  cetweer.  th*  cables  with  the  separator 
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of  then  inside,  also,  cut  of  the  ouildings  and  in  the  tunnels  not 
less  than  35  an,  alsc,  wita  the  separator  in  the  caannels  not  less 
than  50  mo  with  any  number  of  laid  cables.  Permissible  prolonged 
current  load  to  the  single  canles,  run  in  the  earth/ground  in  the 
tubes  without  mechanical  ventilation,  must  be  accepted  as  fcr  the 
same  cables,  run  in  the  air. 

With  th°  mixed  cable  laying  the  permissible  prolonged  current 
loads  are  accepted  fcr  the  section  cf  route  with  the  worst  thermal 
conditions,  if  length  cf  tnis  section  are  mere  than  10  m.  In  the  case 
indicated  with  the  large  total  length  of  cable  route  one  should  apply 
the  cable  insert  of  larger  section  in  order  net  to  increase  the 
section  of  cable  for  entire  elcrgation/extent. 
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Table  4-1.  Mires  and  ccrds  '■ita  the  copper  veins/strands  with  the 
rubber  and  polychlorcvin yl  insulation. 


Gneimt 

TONonpo- 

•ojwmet 

XIJtM. 

MJ* 

(O  Toaoivc 

Harpy  3*  h,  a 

n&L^ju. 

|  npoioaa,  npa/to*eHMyc  •  04«ofl  rp>6* 

npoAO- 

XCNKMC 

OTKpktTO 

c?) 

alaoaHO- 

mUAbHbtX 

TpiftilO- 

MWthHUX 

04HO 

MIUTtHyX 

KT 

i*yx- 

KHJSbHyft 

~Tjr~ 

ojIJM  rpex- 

MHJtbHUB 

0.5 

11 

0.75 

15 

_ 

_ 

1 

17 

16 

15 

14 

IS 

14 

1  *5 

23 

19 

17 

16 

18 

15 

2.5 

30 

27 

25 

25 

25 

21 

4 

41 

38 

35 

30 

32 

27 

$ 

50 

46 

42 

40 

40 

34 

10 

80 

70 

60 

50 

55 

50 

10 

100 

85 

80 

75 

80 

70 

25 

140 

115 

100 

90 

100 

85 

35 

170 

135 

125 

115 

I2S 

100 

50 

215 

185 

170 

150 

160 

135 

70 

270 

225 

210 

185 

195 

175 

95 

330 

275 

255 

225 

245 

215 

120 

385 

315 

290 

260 

295 

250 

150 

440 

360 

330 

185 

510 

_ 

.  _ 

240 

605 

_ 

- 

300 

696 

- 

400 

830 

— 

— 

— 

— 

— 

Key:  (1).  Current  loads,  A.  (*) .  Section  of  current-conducting 
v  =  5.n/strand,  mm2,  (3).  »ir  =  s,  xaid  in  one  tubs.  (4)  .  Hires,  laid 


opened.  (5).  two  single-caole .  (6).  three  single-cable.  (7).  four 
singla-cable.  (3).  one  turn-cored.  (9).  cne  three-strand. 
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Key:  (1).  current  loads,  A.  (i)  .  Section  of  current-conducting 
v^in/stra  nd,  mm2.  (3).  Hires,  laid  in  one  tute.  (4).  Hires,  laid 
opened.  (5).  two  single-catie.  (6).  three  sirgle-cable.  (7).  fou 
single-cable.  (8).  one  ttun-ccred.  (9).  one  three-strand. 


r 
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Table  4-3.  aires  with  tae  copper  veins/strands  with  the  rubber 
insulation  in  the  metal  snisluing  shells  and  cables  with  the  copper 
veirs/strands  with  rubber  iosulatu.cn  in  the  lead,  the  polychlorovinyl 
and  incombustible  the  rutoer  snells,  armored  and  not  armored. 


C 1 )  Tommm  narpyiKa.  a.  npoaojtoa  a  iMucI1 

O'5 

CV 

0*«NMe  TORO- 

A»yx*JMkHHX 

TpeXXUbHUX 

npoaoA*m«ft 

i 

1 

XUU.  mM* 

l  vr  /TTpR  apoKJUAxe 

-  S—\ 

V  ' 

vl/ 

IS. 

•  »o3fl>xe 

|  ■  aoiAyxe 

•  3 enA< 

■  BoaAyxe 

b  ime 

1.5 

23 

19 

33 

19 

27 

2.5 

30 

27 

44 

25 

38 

4 

41 

38 

55 

35 

49 

6 

50 

50 

70 

42 

60 

10 

80 

70 

105 

55 

90 

16 

100 

90 

135 

75 

115 

25 

110 

115 

175 

95 

130 

35 

170 

140 

210 

120 

180 

50 

215 

175 

255 

145 

225 

70 

270 

215 

320 

180 

275 

95 

325 

2G0 

385 

220 

330 

120 

385 

300 

445 

260 

385 

150 

410 

350 

505 

305 

435 

185 

510 

405 

570 

350 

500 

240 

605 

— 

— 

— 

— 

Key:  (1).  Currant  loads.  A,  of  wires  and  cables*. 


FOOTNOTE  *.  Currant  loads  relate  tc  the  wires  and  the  cables  both 
with  tha  grounding  weir/strand  and  without  it.  ENDFCCTNOTE. 


(2) .  single-cable.  (3) .  twin-coreu.  (4) .  three-strand.  (5) .  Section 

I 

of  currant-conducting  veia/stiacd,  mm2.  (6) .  with  separator.  (7) .  in 


air.  (8).  in  earth/grouca 
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Tabla  4-4.  Cables  with  the  aluminum  veins/strands  with  ths  rubber 
insulation  in  th e  lead,  tna  f.ciiCaj.orovinyl  and  inccmbustible  ths 


rubber  shells,  armored  aid  net  amcred. 


CimN  roco- 
apoaoaaut 
muii.  mm> 

- (TV 

i  - 

T<wo wt  »  orphan.  a. 

LrOJIifOXtlMfctfMX 

. 

■  WAyzi 

•  to&yxe  | 

| 

T 

a  tojayxe  | 

2.5 

23 

21 

34 

19. 

29 

4 

31 

29 

42 

27 

33 

6 

38 

38 

55 

32 

46 

10 

60 

55 

80 

42 

70 

16 

75 

70 

105 

60 

90 

25 

105 

90 

135 

75 

115  • 

35 

130 

105 

160 

90 

140 

50 

165 

135 

205 

110 

175 

70 

210 

165 

245 

140 

210 

95 

250 

200 

295 

170  • 

255 

120 

295 

230 

340 

200 

295 

150 

340 

270 

390 

235 

335 

185 

396 

310  j 

440 

270 

385. 

240 

465 

— 

— 

— 

— 

Key:  (1).  Current  loads,  A,  or  cables.  (2).  Sections  of 
current-conducting  veic/str and,  mm2,  (3)  ,  single-cable.  (4)  . 
twin-cored.  (5).  three-strand.  (6).  in  air.  (7).jn  <^re>uodw 


Table  4-5.  Cords  movable  hose  lungs  and  average/mean,  cables  movable 
hose  heavy,  cables  mine  iiaxitle  ness,  searchlight  and  wires  are 


movable 
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Table  H-S. 


(IV 

Ckmm  Tononpoac- 
tnel  XUII,  mm* 

- T7T - 

Toioaue  HarpjrMii.  a.  umypo*.  ipcaouUNi  ■  laSMe*1 

OAHOXlUbUUX 

($5 1 

jUyxKHjujux 

Tpcxam/ibMUx 

O.S 

• 

12 

0.75 

_ 

16 

14 

1.0 

IS 

16 

1.5 

— 

23 

20 

2.5 

40 

33 

28 

4 

50 

43 

36 

S 

65 

55 

45 

10 

90 

75 

60 

16 

120 

95 

80 

25 

160 

125 

105 

35 

1  190 

150 

130 

50 

235 

185 

160 

70 

290 

236 

200 

Key:  (1).  Current  loads,  A,  of  ccrds,  wires  and  cables'. 


FOCTtJOT ?.  1 .  Thay  relate  to  cords,  wires  and  cables  both  with  th 
grounding  vein/strand  ana  without  at.  ENEFOCTNOTE. 


(2).  Section  of  curr ent-ccuducting  vein/stracd,  bid2.  (3). 
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Table  4-6,  Cables  movable  acse  with  th e  rubber  insulation  for  the 
c^at  mining  »nte rprises . 


Ccchw  ronoapoao- 
jwnct  iuii,  mm’ 

Tokomk  xarpyiii.  a.  xa<s*Mct  xaap»*tnmm.  *» 

0.5 

3 

« 

6 

44 

45 

47 

10 

60 

60 

65 

16 

80 

80 

85 

25 

100 

105 

105 

35 

125 

125 

130 

50 

155 

155 

160 

70 

190 

196 

— 

Key:  (1).  current  loads,  A ,  of  cables  by  voltage,  kV.  (2).  Section  of 
current-conducting  vein/str and ,  bb2. 


Table  4-7.  Cables  are  tcse  witn  me  rubber  insulation  for  the  movable 
electrical  receivers. 


1  C**«H«e  TO. Q- 

WUH.  MM’ 

TonciMt  ni 

da  RafeAN 
HBCM 

P - 

irpyjK*.  a. 
i  Hanpame- 
I*.  x« 

CCR*H^TO«>- 
npo«oA*nt# 
mnjibi.  mm* 

Tor  owe  Harp^ui.  a. 
Mt  .oS»jh  Hanpmte- 

HMH’,  It 

3 

6 

3  1 

i  ■ 

16 

85 

90 

70 

215 

220 

25 

115 

120 

95 

260 

265 

35 

140 

145 

120 

306 

310 

50 

175 

180 

150 

345 

350 

Key:  (1).  Current  loads.  A,  cn  cables  to  voltages1,  kV. 


FOOTNOTE  *.  Current  loads  relate  tc  the  cables  both  with  the 
grounding  vein/strand  and  without  it.  ENEFOCTKOTE. 
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(2).  Section  cf  current-conducting  vein/strand,  mm2. 


Table  4-8.  Wires  with  the  coffer  veins/strands 
for  the  electrified  transport  cc  voltages  1,  3 


with  rubber  insulation 
and  4  kT. 


"T'T- 

Ceitw*  to«o- 
npotoamuMX  1 
XllUI.  «J|* 

CP 

Tokoma 

H»tpyi*a. 

a 

C even 

TOKOtlpOXOaX- 
tBHX  MMH.  AH* 

i7®“ 

;  Harpy3Ra, 
a 

r ' "sr” 

|  CR^RHHC  TORO* 
(TpOOOAWlHX 
XIU1.  Alii* 

rrsr 

|  Tokour 
uar  py  3  r*. 
a 

1.0 

20 

16 

115 

t20 

390 

1.5 

25 

25 

150 

150 

445 

2.5 

40 

35 

185 

185 

505 

4 

50 

50 

230 

240 

590 

5 

65 

70 

285 

300 

670 

10 

90 

96 

340 

350 

745 

K«y:  (1)  .  the  section  cf  these  conducting  currant  strands,  nun2.  (2) 
Currant  load,  A. 
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Tabla  4-9.  Cables  with  tha  copper  veins/strancs  with  the  paper 
insulation,  saturated  wita  cil-rcstn  and  which  not  discharges  by 
masses,  in  tha  lead  cr  aluminum  shall,  run  in  the  aarth/grcurd. 


)  Cewin 
Tononpo- 
•OivmeA 

«kJU.  MM* 

- w 

Twani  NarpysRM,  a 

~sr 

aiKAbMue 
xa6cAH  ao 
!  *# 

|  tV  Tpex«u4i»Hwe  K*6t. m 

AT 

Metwpex- 

KHAbHUe 

na^c.TH  ao 

1  If 

kubHue 
KafcJIH  AO 

1  *«• 

(j) 

AO  3  KM 

Csl 

6  v« 

*SP 

2.5 

45 

40 

4 

80 

60 

55 

_ 

_ 

50 

5 

105 

80 

70 

_ 

_ 

60 

10 

140 

105 

95 

80 

— 

85 

16 

175 

140 

120 

105 

95 

115 

25 

235 

185 

16a 

135 

120 

150 

35 

285 

225- 

190 

160 

150 

175 

50 

360 

270 

235 

200 

180 

215 

70 

440 

325 

285 

245 

215 

265 

96 

520 

380 

340  • 

295. 

265 

310 

120 

595 

435 

390 

340 

310 

350 

150 

t  675 

500 

435 

390 

355 

395 

185 

755 

_ 

490 

440 

400 

150 

'240 

880 

_ 

570 

510 

460 

_ 

300 

1  000 

— 

_ 

— 

400 

1220 

_ 

_ 

_ 

— 

500 

I  400 

_ 

_ 

. _ 

_ 

625 

1  520 

_ 

_ 

_ 

— 

800 

1700 

— 

— 

— 

— 

— 

Key:  (1).  Currant  loads,  A.  .  Section  of  current-conducting 
vain/strand,  mm*.  (3).  Iriple-ccr as  cable.  (4).  single-core  cables 
1  kV‘ . 


FCCTMOT2  I.  For  the  work  with  direct  current.  ENCFOCTNOTE. 

(5).  Two-cora  cables  tc  1  nV.  (t) .  Four-wire  cables  to  1  kV.  (7).  - 
3  kV.  (8) ,  kv. 
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Table  4-10.  Cables  with  tna  center  veins/str and s  with  the  paF<2t 
insulation,  saturated  witn  cii-tcsm  and  which  ret  discharges  by 
masses,  in  the  l«ad  covering,  run  in  the  water. 


CM 

2c^«Hie  Tononpo 
KUURzieA  *HA u. 

MM • 

1  O '  Toumwc  Marpysia.  s 

Ci)  Tpexjuiwwibie  Kafcgnc 

Merii^exatM.ib- 
Hue  K if* JIM 
AO  I  »* 

i 

I  a  «* 

| 

16 

\  _ 

|  135 

120 

_ 

25 

210 

I  170 

150 

195 

35 

250 

i  205 

180 

230 

50 

305 

!  255 

220 

285 

70 

375 

310 

275 

350 

95 

440 

375 

340 

410 

120 

506 

430 

395 

470 

150 

565 

500 

450 

— 

185 

815 

545 

510 

— 

240 

715 

625 

585 

— 

Key:  (1).  Currant  loads,  A.  U) .  Section  of  current-conducting 

v'- in/ st rand,  am*.  (3).  Triple-ccras  cable.  (4).  Four-wire  cables  tc  1 

kV.  (5)  .  to  3  kV.  (6)  .  k\l. 
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Table  4-11.  Cables  with  tne  copper  veins/st rands  with  the  paper 
insulation,  saturated  wita  cil-rcsm  and  which  ret  discharges  ty 
masses,  in  the  lead  cr  aluminum  soell,  run  in  the  air. 


O’ 

ToxoMie  HarpyaKA,  a 

Ce^eHHe 

rononpo* 

'  <51 

Oaho^ 

(si 

n«v*. 

|  (V  TpCXMXAbHUe  K. 

aflejia 

Q# ) 

Merwp«x- 

jCHJbutife 

mn  Jtbuue 

(l) 

„s> 

xifUbKhie 

xnuiu. 

Jlil> 

Rjtie.iH 
AO  1  *a* 

Kafc.TH 
AO  *  *S 

to  3  >« 

Vi* 

6  *• 

xadejia 

AO  >  n% 

2,5 

40 

30 

28 

_ 

_ 

4 

55 

40 

37 

— 

— 

35 

6 

75 

55 

45 

_ 

— 

45 

10 

95 

75 

60 

55 

— 

60 

16 

120 

95 

80 

65 

60 

80 

25 

1G0 

130 

105 

90 

85 

■  too 

35 

200 

150 

125 

110 

105 

120 

50 

245 

185 

155 

145 

135 

145 

70 

305 

226 

200 

175 

165 

185 

95 

360 

275 

245 

215 

200 

215 

120 

415 

320 

235 

250 

240 

260 

150 

470 

375 

330 

290 

270 

300 

185 

525 

_ 

375 

325 

305 

340 

240 

610 

— 

430 

375 

350 

— 

300 

720 

— 

— 

— 

— 

— - 

too 

880 

— 

-  • 

— 

— 

— 

500 

1  020 

_ 

— 

— 

— 

625 

1  180 

— 

— 

— 

— 

— 

800 

1  400 

— 

— 

““ 

! 

— ■* 

Key:  (1).  Current  loads,  A.  (1).  Section  of  current-conducting 
vein/strand,  mm*.  (3).  iriple-ccxes  cable.  (4).  single-core  cables  to 
1  k  V1 . 


FOOTNOTE  l.  for  the  worn  wita  the  direct  current.  ENDFQQTNOTE. 


(5).  two-core  cables  tc  1  kV.  (b).  Four-wire  cables  to  1  kV.  (7).  to 
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3  kV.  (3)  ,  kV. 


Table  4-12.  Cables  with  tae  aluminum  vei ns/strands  with  paper 
insulaticn,  saturated  witn  cii-rcsin  and  not  discharging  masses,  in 
the  leal  or  aluminum  shell,  run  in  the  eartb/crcund . 


O'* 

Cc*CHit« 

Tononjio- 

(O.liuirfl 

KHJU- 

— w 

ToKOMie  HurpyiKi*.  a 

mit.ih'iue 

icaffcAii 

ao  l  ««• 

nGv*. 

rjiVah 

AO  1  ** 

^3^  fnCo-iir  J 

ifer^pex* 

JKHAfcHMe 

xafiejta 

AO  1  «• 

o> 

SO  3  it 

„(*> 

9  K§ 

io  *3T 

2.5 

35 

»  ♦ 

31 

_ 

_ 

4 

60 

46 

!« 

— 

— 

38 

6  . 

SO 

60 

55  • 

— 

— 

46 

10. 

110 

80 

75 

60 

— 

66 

10 

135 

110 

90 

80 

75 

90 

25. 

180 

140 

125 

105 

90 

115 

35 

220 

175 

145 

125 

115 

135 

50 

275 

210 

180 

155 

140 

165 

70 

340 

250 

220 

190 

165 

200 

95 

400 

290 

260  | 

225 

205  | 

240 

120* 

460 

335 

300 

260 

240 

270 

150 

520 

385 

335 

300 

275 

305 

185 

583 

_ 

380 

340 

310 

345 

240 

675 

_ _ 

440 

330 

355 

— 

300 

770 

— 

— 

— 

— 

— 

400 

940 

— 

— 

_ 

— 

— 

500 

1  080 

_ _ 

_ 

— 

— 

_ 

625 

1  170 

_ _ 

_ 

_ 

_ 

— 

800 

>310 

/ 

Key:  (1).  Current  loads,  a.  (2).  Section  of  current-conducting 
veir./strand,  mm2.  (3),  In^le-ccres  cable.  J4).  single-core  cables  to 
1  k  v» . 


FOOTNOTE  ‘.  for  the  worx  wish  me  direct  current.  ENDFOOTNOTE. 


(5).  two-core  cables  tc  1  xV.  (o).  Four-wire  cables  to  1  kV.  (7).  to 
3  kV.  (3) .  kV. 
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Table  4-13.  Cables  with  aluainua  veins/strands  with  the  paper 
insulation,  saturated  witn  cil-rcsin  and  which  ret  discharges  by 
masses,  in  the  lead  covering,  run  in  the  water. 


Key:  (1).  Current  loads,  A.  (2).  Section  of  current-conducting 
vain/strand,  mm*.  (3).  Triple-ceres  cable.  (4).  Four-wire  cables  tc  1 
kV.  (5) .  to  3  kV.  (6) .  kV. 
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Tabls  4-14.  Cables  with  ta<s  alusaaum  vsins/strands  with  the  paper 
insulation,  saturated  witn  oil-rcsin  and  non-flcwing  masses,  in  lead 
cr  aluminum  shell,  run  in  toe  air. 


Ceiemie 

tononpo* 

tojmttfA 

mh.im. 

MM* 

C> 

1  Toeonie  uarpyjM.  a 

Oano-^ 

auijibHfcie 

xa6t.ni 
ao  1  *«• 

r^r 

XH.ihuue 
xatie.m 
AO  1  x# 

|  VJ)  TpexxuabMbie  xatiejia 

•4*Tblp«t- 

«U IkHM 

M0«4> 
AO  i  (A 

O'* 

ao  3  «« 

6  us 

to  *« 

2,5 

31 

23 

22 

— 

— 

— 

4 

42 

31 

29 

— 

*  — 

27 

6 

55 

42 

35 

— 

— 

35 

10 

75 

55 

46 

42 

— 

45 

16 

90 

75 

60 

50 

46 

60 

25 

125 

100 

80 

70 

65 

75 

35 

155 

115 

95 

55 

80  , 

95 

50 

190 

140 

120 

no 

105 

110 

70 

235 

175 

155 

135 

130 

140 

95 

275 

210 

190 

165 

155 

165 

120 

320 

245 

220 

190 

185 

200 

150 

360 

290 

255 

225 

210 

230 

185 

405 

— 

290 

250 

235 

260 

240 

470 

— 

330 

290 

270 

— 

300 

555 

— 

— 

— 

— 

— 

400 

675 

— 

— 

— 

— 

— 

500 

785 

— 

— 

—  . 

— 

— 

625 

910 

— 

— 

— 

— 

— 

800 

1080 

— 

— 

— 

— 

— 

Key:  (1).  Current  loads,  a.  U)  .  Section  of  current-conducting 
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'  vein/strand,  mi*2.  (3).  Inple-ccras  cable.  (4).  Single-core  cables 

1  kVi. 

FCCTM0T3  ».  For  the  worn  with  the  airect  current.  ENDFOOTNOTE. 

*  (5)  ,  Two-core  cables  tc  1  /cY .  (6).  Four-wire  cables  to  1  JtV.  (7). 

3  kV.  ( 3)  .  kV. 


i 

i 
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Table  4-15.  Cables  with  tab  separately  lead-lined  ccppar 
v^ins/strands  are  impo verisned  ty  the  saturated  insulation,  run  in 


the  earth/ground,  the  air  acd  tfce  water. 


& 

C*.«n»e 

- cn - 

Tohmu*  mrpTJM 

,  a.  rpusiMkHwi  udMtl  uanpixeHH.M.  „ 

TOKOnpO- 

Mumneft 

S  1 

10 

IIJIU. 

MM* 

CP 

•  KMC 

•  aouyit  | 

•  S04t 

TS> 

1  StMJIC 

i  tosayse 

© 

•  MAC 

16 

90 

80 

115 

mm 

25 

125 

105 

155 

110 

100 

140 

35 

155 

125 

195 

130 

120 

170 

50 

185 

150 

230 

160 

145 

210 

70 

225 

190 

280 

200 

180 

255 

96 

270 

230 

340 

250 

220 

305 

120 

310 

265 

385 

290 

255 

360 

150 

355 

310 

450 

355 

295 

405 

Key:  (1).  Currant  loads.  A,  ci  triple-ceres  cable  by  voltage,  kV. 
(2).  section  of  current-ccnductiag  vein/strarc,  uim2.  (3).  in 
carth/grcund.  (4).  in  air.  (5).  in  water. 


Table  4-16.  Cables  with  tne  separately  lead-lined  aluminum 
veins/strands  with  specially  saturatad  insulation,  run  in  the 
earth/ground,  the  air  arc  the  water. 
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Table  4-17.  Cables  with  tne  copper  veins/strands  are  impoverished  by 
the  saturated  insulation  in  tns  genaral/comncr/total  lead  covering, 
run  in  the  ear^.h/ground ,  tne  air  ard  the  water  (three-strand,  6  kV)  . 


i  (T^ToKostaie  Njppyjxj*.  a  j 

^^pToKoBwe  Kirpyiait.  a 

nm  on  porno - 
anuiffl 

C*  ] 

!  b)  1 

|l«  I 

■•s' 

<5T\ 

•  3CM-  ] 

a> 

JKM.IW.  nu% 

■  leM.ie 

I  a  emjyxe  | 

a  ooje 

g  ».  «*  * 

*• 

xyx« 

•  me 

16 

90 

65 

too 

70 

220 

170 

275 

25 

120 

SO 

140 

95 

265 

210 

335 

35 

145 

no 

175 

120 

310 

■245 

385 

50 

180 

140 

• 

220 

.  150 

355 

290 

450 

Key:  (1).  Section  of  the  cur rent-ccnduct ing  vein/strand,  mm*.  (2). 
Current  loads,  a.  (3).  in  earth/ ground.  (4).  in  air.  (5).  in  water. 

Table  4-13.  Cables  with  tne  aluminum  veins/strands  are  impoverished 
by  the  saturated  insulation  in  t ha  genaral/ccamcn/- ctal  lead 
covering,  run  in  the  ear th/yr ourd,  the  air  ard  the  water 
(three-st-rand ,  6  kV)  . 


(*) 

Cctewne 
to«coj>"i>  , 

*I/1N.  MJI*1 

1 

|  Cjl  Toneme  iurp>  iitk.  a  j 

TriT 

lif' 

dll? 

\{£kem* 

ve  uorpjasa,  <x 

|  & 

1  9  jev.Te 

&)  1 
»  BrfSyx*  j 

P  *($) 

^  •  me 

a> 

1  •  .>CM- 

.ie 

— sr 

»  m- 
ayxe 

~3T 

•  me 

16 

! 

|  70 

30 

75 

.  70 

170 

130 

210 

*  25 

!  90 

70 

110 

96 

205 

160 

260 

35 

i  110 

85 

135 

120 

240 

190 

295 

50 

140 

|  110 

170 

150 

275 

225 

345 

Key:  (1).  Section  of  the  current-conducting  vein/strand,  mm2.  (2). 
Cur^nt  loads,  a.  (3).  in  earth/grcund.  (4).  in  air.  (5).  in  water. 
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Tabl^  4-19.  Cables  with  taa  ccpfer  vein/strand  with  the  paper 
saturated  insulation  in  tne  lead  covering  unarmcred,  run  in  the  air 
(single-cable)  . 


Tr*onrr  v*- 
anturl 

JU,  Ml1 

!  Tan'-hnc  • 

1  H... 

55 — : 

Jffpy  :*#.  tl* 
a  •i.ic  i, 

Sft’i 
alM  j 

nxrtwe  itarpyiKM.  &•„ 

^**GemA  «anp«*ci»Hew, 

*• 

1  j 

«  1 

10 

4 

10 

2.5 

35 

120 

330 

3C0 

285 

1 

5‘> 

_ 

_ 

150  | 

300 

325 

310 

*) 

hi » 

_ 

_ 

185 

.  385 

350 

335 

10 

j  Pa 

75 

_ 

240 

435 

395 

330 

i6 

12'* 

i  m 

90 

300 

400 

42w 

405 

r> 

14*» 

1 35 

125 

400 

485 

440 

425 

35 

170 

155 

145 

500 

505 

460 

445 

50 

215 

200 

190 

625 

525 

— 

— 

70 

260 

240 

225 

800. 

550 

— 

— 

95 

305 

280 

265 

Key:  (1).  Section  of  the  current-conducting  vein/strand,  aim2.  (2). 
Current  leads,  0-* ,  cables  oy  voltage,  kV. 


FOOTNOTE  *.  Currant  loads  relate  tc  the  work  cn  alternating  current; 
in  this  case  the  lead  coverings  are  connected  in  they  are  grounded  at 
both  enis/leads;  a  number  by  series/row  cf  lying/horizontal  cables  3; 
the  distance  between  the  cables  in  the  light/world  not  more  than  125 
and  is  not  less  than  35  am.  EN£f CC1N0TE. 


(3)  .  to. 


>.V  ** 
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Table  4-20.  Cables  with  tne  aluminum  vein/strand  with  the  paper 
saturated  insulation  in  tac  lead  covering  unarmcred,  run  in  the  air 
(single-cable)  . 


(jViMtJIM 

TOKOaDOBO- 
.  49inel  MS- 
v  4M.  MM* 

jfrpy&uff.  j*.  **6*juA 
uapaxcuA«*  *« 

3.  is. 
Hi' 

,**0*3 

U  2  «  K 

(^PoKoewe  war j*. 

(i\u3 

* 

10 

S£7l 

5 

2.5 

27 

_ 

120 

255 

230 

220 

4 

38 

— 

- . 

150 

275 

250 

240 

'  5 

/  46 

— 

_ 

185 

295 

270 

260 

10 

'  65 

60 

240 

335 

3C5 

2':0 

•  18  / 

90 

85 

70 

300 

355 

325 

310 

25  / 

no 

105 

96 

400 

375 

340 

32 r. 

35  < 

130 

120 

no 

500 

390 

355 

340 

50 

165 

155 

145 

625 

405 

_ 

_ 

70 

200 

185 

175 

8C0 

425 

. _ 

95 

235 

215 

205 

— 

— 

— 

— 

Key:  (1).  section  of  current-conducting  vein/strand,  am2.  (2). 
current  loads,  (M,  cables  by  voltage  JcV . 


FOCTMOTE  1 .  current  loads  relate  tc  the  work  cn  variable/alternating 
thc  current;  in  this  case  the  lead  coverings  are  connected  and 
grounded  at  both  ends/leaas;  a  nuacer  by  ssries/row  of 
lying/horizontal  cables  3;  the  distance  between  the  cables  in  the 
light/world  not  more  than  125  and  as  not  less  than  35  mm. 
ENDFOOTHOTE. 


(3)  .  to 
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Table  4-21.  Correction  factor  K2  ic  a  number  cf  working  cables, 
lie  next  at  the  -»art h/gr cuna  in  tn«  tubes  and  without  the  tubes. 


1 

2 

.1 

r  4 

i 

6 

paccrDHbHS  »  carry 

100  MM . 

1.00 

0,90 

0.35 

i 

0.30  ! 

0.73 

0.75 

(«T®  **  200  MM  ...... 

QJto  wc  300  jm . 

1,00 

0/32 

0.37 

0.84] 

0.82 

0.3| 

1.00 

0.90 

0.90 

0,37 

3.86 

0.35 

Key:  (1).  number  of  cables.  (2j  .  fcr  clearance  100  mm.  (3).  Then 


tp  m « 


which 


200 


Tabla  4-22.  Filling  of  CIccks  mm  cables. 


f  age 
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Tabl*  4-24.  Correction  ractor  to  the  voltage  of  cable. 


Hmiaaitao* 

: — 5r~~ - 


10  S  'ill 

I  1,05  1,09 


3aaicina  KO»$$fKj<eHTa . j  I  j  1 ,05  |  1 ,09 

Key:  (1).  Nominal  voltage,  kV.  U)  *  to.  (3).  Values  of  coefficien-t 


Tabla  4-25.  Correction  rector  k6  tor  the  daily  mean  lead  of  block, 
determined  in  depending  cn  tha  ratio  of  the  daily  mean  transmitted 
Conor  to  the  nominal. 


1.0  0.»  0.7 


3Ha<KHu*  K034xtW'««Ta  . ' . I  1.0  I  1.07  J  I, IS 

Key:  (1).  Values  of  coefficient. 


Tabla  4-26.  Coefficient  K7  cf  decrease  in  the  permissible  current 
load  on  the  cables,  run  in  the  parallel  blocks  of  identical  layout. 


1  009 

1900 

1000 

1500 

3000 

0.85 

1 

|  0,89 

0.91 

0.93 

0,95 

0.96 

Key:  (1).  Distance  between  blocks,  mm.  (2).  Values  cf  coefficient. 


aluminum  and  steel-aluminum  wires 


(l)  Mexitwe  j 

())CnMMD»IIIUWt 

(S) 

Map*  a 
npoaoaa 

Tnnoria*  nar- 
p>Ma.  a 

(5)  I 

C5J 

Torom*  uar- 
pyjx*.  a 

6)f 

Tokc£S»  «ar* 
pf3K»,  a 

W 

■He 

noMe- 

meKHA 

*1 

&f 

>.3 

si 

o 

A 

e 

4 

K 

a. 

m 

z 

©1- 

1  *»  S 

X  « 

i  -a 

3*1 

Set 

■  X 

a 

m 

SL 

* 

°  s 
•  2 

|  sS 

5>i\ 

II 

M-4 

50 

25 

A- 16 

105 

75 

AC- 10 

80 

50 

M-6 

70 

35 

A-25 

135 

105 

AC- 16 

105 

75 

M-10 

95 

60 

A-35 

170 

130 

AC-25 

130 

100 

M-16 

130 

100 

A-50 

215 

165 

AC-35 

175 

135 

M-25 

1*0 

135 

A -70 

265 

210 

AC-50  ! 

210 

165 

M-35 

220 

170 

A-96 

320 

255 

AC-70 

265 

210 

M-50 

270 

215 

A- 120 

375 

300 

AC  95 

330 

260 

M-70 

310 

270 

A-150 

440 

355 

AC- 120 

380 

305 

M-95 

415 

335 

A-185 

500 

410 

AC-150 

445 

365 

M-120 

485 

395 

A -240 

590 

490 

AC- 185 

510 

425 

M-150 

570 

465 

A-300 

630 

570 

AC-240 

610 

505 

M-185 

640 

530 

A-400 

815 

690 

AC-300 

690 

585 

M-240 

760 

685 

A-500 

980 

820 

AC-400 

835 

715 

M-300 

880 

740 

A-600 

1  070 

930 

— 

— 

— 

M-40O 

1  050 

895 

— 

— 

Key:  (1).  Copper.  (2).  Aluminum.  (3).  Steel-aluminum.  (4).  Brand  of 
.  (5).  Currant  load,  a.  (o)  .  outdoors.  (7).  indoors. 
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Table  4-27.  Uninsulated  cJpper, 
(GOST  839-59)  . 


wire 


DOC 


30040305 


FACE 


Table  4-28.  Uninsulated  bronze  ana  steel-brcnze  wires. 


^MaTepHaji  ttpoaoA* 

(3-)Mapit»  a  pc  boa* 

Tovoua  aarpjDK*.  o# 

Bpinloaue 

6-50 

215 

B-70 

265 

6-95 

330 

6-120 

380 

6-150 

430 

6-185 

500 

6-240 

600 

5-300 

700 

Ciiwl'<poK3oabje 

BC-185 

515 

5C-240 

640 

BC-300 

750 

BC-400 

890 

1 

6C-500 

980 

Key:  (1).  Material  of  wire.  (2)  .  Erand  of  wire.  (3).  Current  load. 


0.1  . 


FOCTNOT3  1.  current  loads  are  jiven  fcr  the  trcnze  with  specific 
re.sistcr/resistance  h,«o.w  u«sa3/«.  ENDF0CTNC1E . 


(4).  Bronze.  (5).  St eel-trcnze. 


Table  4-29.  Uninsulated  steel  wires. 


(!) 

Mapu  npoaoju 

O') 

Tnoin  Htfpjru*.  a 

1 

G> 

Mapm  npcWAJ 

T oiflw*  UA> 
rpysu.  a 

nco-3 

23 

nC-25 

60 

nco-3.5 

28 

riC-35 

75 

nco-4 

30 

nc-50 

90 

nco-s 

35 

nc-70 

125 

nc-95 

135 

Key:  (1).  Brand  of  wire.  12).  current  load,  a. 
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Tabla  4-30.  Busbars  of  rectangular  cross  section. 


,  1 

o n 

a 

m 

& 

|  (^yionycTHMin  iiarpysiu*  a  J 

n 

n 

6>l  ( 

$  /lolly*  THMuft 
Harpy  jkj  A Mm 
CTaAfcHUX 

uintt.  a 

^UOMRHMBMC  iurhw  ] 

lit  HHbl 

m 

a 

X 

X 

V 

l4s 

« 

a 

X 

s 

■ 

O'le 

a 

2 

X 

V 

(pis 

a 

X 

K 

m 

±  X 

V  o 

pit  < 

it 

5>ii 

15X3 

165 

165 

210 

210 

20X3 

63 

100 

20X3 

215  : 

215 

275 

275 

25X3 1 

80 

120 

25X3 

265 

265 

340 

340 

30X3 

95 

140 

30X* 

365 

370 

475  - 

475 

40X3 

125 

190 

40X4 

480 

480 

625 

625 

50X3 

155 

230 

40X5 

540 

545 

700 

705 

60X3 

185 

280 

50X5 

665 

670 

860 

870 

70X3 

215 

320 

50X6 

740 

745 

955 

960 

80X3 

245 

365 

60X6 

870 

'  880 

I  125 

1  145 

90X3 

275 

410 

80X6 

1  150 

1  170 

1480 

1  510 

100X3 

305 

460 

100X6 

1425 

1455 

1810 

1875 

20X4 

70 

115 

60X8 

1025 

1040 

1320 

1345 

30X4 

100 

165 

SOX  8 

1320 

1355 

1690 

-1  775 

40X4 

13 0 

220 

100X8 

1625 

1690 

2050 

2180 

50X4 

165 

270 

120X8 

1900 

2  040 

2  400 

2600 

60X4 

195 

325 

60X10 

1  155 

1  180 

1475 

1  525 

70X4 

225 

375 

80X10 

1  480 

1540 

1  900 

1990 

80X4 

260 

430 

100X10 

1820 

1910 

2310 

2  470 

90X4 

290 

480 

120X10 

2070 

2300 

2650 

2950 

100X4 

325 

535 

Key:  (1).  Sizes/dimensicrs ,  on.  (2).  Permissible  load. 


.  (3)  . 


Permissible  load  for  steel  tusrars,  a.  (4).  Aluminum  busbars.  (5) 
Copper  busbars.  (6).  alternatin$  current.  (7).  direct  current. 
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Table  4-31.  Conductors  witn  tne  aluminum  busbars  of  series  StRA  and 
ShfiA  cf  the  trust  ElekticiacntazhKcnstruktsiya. 


0)  ( 
Tiin  roxonpowAi 

($)  ManicrpAJbHue 

N 

3 

< 

a. 

a 

«•> 

3 

< 

CL 

9 

i 

0. 

3 

i 

•r. 

X 

3 

M 

& 

< 

£ 

a. 

♦ 

3 

* 

£ 

3 

iton^CTHMaa  '  xarpyaita 
(MOMHIia.lbHfclA  TOK),  d 

250 

400 

600  ^ 

1  500 

2  500 

4  000 

Key:  (1).  Type  of  conductor.  11).  Distributive.  (3).  flain-line.  (4) 
Permissible  lead  (rated  current),  a. 


t 
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Table  4.32.  Correcting  ccenicient  Kt  to  tha  temperatures  cf  the 
earth/qrcund  and  air  fer  the  current  leads  cn  the  cables,  uninsulated 
and  insulated  wires  and  tusrars. 


• 

a 

>» 

a. 

m 

8 

a 

t 

i? 

*3 

o  2 

i\  *  X 

O,  u 

i 

a 

a 

m 

t* 

■ 

5o 

*• 

n  « 

X; 

*  * 

sfe 

( 3)noapi*nii*l  x on^WKit  spa  t»x-niK*aO  nuotprtypt 
^  Cf,«M.  *C 

-5 

0 

-k 

+10 

+15 

+20 

+  3 

+10 

+35 

+40 

+45 

+50 

IS 

K 

1.14 

I. II 

1.08 

1.04 

1.00 

0.3 

0.02 

0.P8 

0.90 

0.75 

0.73 

0.68 

3 

to 

1.24 

1.20 

1.17 

1.13 

1.00 

1,04 

1,00 

0.96 

0.90 

0.55 

0.80 

0.74 

3 

70 

1.3 

1.24 

1.3 

MS 

1.11 

1.3 

1.00 

0.94 

0.88 

0.81 

0.74 

0.62 

IS 

6S 

MS 

1,14 

1.10 

1.3 

1,00 

0.3 

0.39 

0.S4 

0,77 

0.71 

0.65 

0.B 

3 

65 

1.32 

1.17 

1.22 

1.17 

1.12 

1.06 

1.00 

0.94 

0.87 

0.79 

0.71 

0.61 

IS 

CO 

1.3 

l,IS 

l,J2 

I. OR 

1,00 

0.94 

0.3 

0.S2 

0.75 

0.67 

0,57 

0.47 

» 

co 

1.36 

1.31 

i.:s 

1.20 

1.13 

1.07 

1.00 

0.93 

0.85 

0.76 

0.66 

0.54 

IS 

56 

'•« 

1.17 

M2 

1 .07 

1. 00 

0.3 

o.ic 

0.79 

0.71 

0.61 

0.50 

0.30 

3 

» 

Ml 

1.35 

1.3 

1.33 

1.15 

1.3 

1.00 

0.91 

0.92 

0,71 

0.6S 

0.41 

IS 

t  » 

1.3 

1.3 

1.14 

1.07 

1.00 

0.3 

0.U 

0.76 

0.G6 

0,54 

0.37 

- 

a 

» 

J.4S 

1,41 

1.34 

‘  . 

I.  28 

l.l< 

l.W 

1.00 

o.n 

0.78 

0.53 

0.46 

- 

Key:  (1).  The  calculated  temperature  of  medium.  (2).  Specified 
temperature  of  strands.  (3).  Correction  factor  at  actual  temperature 
cf  medium. 
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Table  4-33.  Permissible  temperatures  of  beating  wires,  cables  and 
busbars. 


H*NMCU0B4HflC 


(Aronue  nposoaa  h  idhhw . 

MTlpoaoju  h  jfaCtiH  c  peaHHoao#  iui  luacTwaccosoA 
^  l(noaax.iOfBHHiLioBo9  tim  noanamneHosofi) 

sBOJunweA  Ha  KanpMweHHe  io  6 
i  A  ^Cafena  c  ruacTMaccoeoA  hoovwuhcA  Ha  HanpH-ztce- 

Hae  10  ks . . . 

(0  KMtejia  c  OyiiaiKHOi  uo.nnutefl,  npammiiHoft 
,MacnoKaini(t>cuibHoft  im  Hecrexameft  vuccoS 
Ba  HairpnweHHe,  m: 

fc»)jw  3 . 

6  ,  .  . . . 

10 . 


‘AHanOauitia*  aonycr*- 
w  MM  reMnepuTypa  «po» 
BOiXOP.  Xofcjejl  H  till* 
nps  Harp«MMHH  JJ1H- 
TtJUHOJI  tokcboA  MAT- 
pysKoft.  #C 


+70 

+65 

+G0 


+80 

+65 

+60 


Key:  (1).  Designation.  (2).  Greatest  peruissitle  temperature  cf 
wires,  cables  and  busbars  wits  beating  by  prclcnged  current  lead. 

(3).  Bare  wires  and  buscars.  (4).  »iras  and  cables  with  rubber  or 
plastic  (polychlorovinyl  cr  pc iiatfcylene)  insulation  to  voltage  to  6 
kV .  (5).  cables  with  melded  insulation  tc  vcltage  10  kV.  (6).  Cables 
with  paper  insulation,  saturated  with  oil-rcsin  cr  not  discharging 
mass  to  vcltage,  kV.  (7) .  to. 
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Table  4-34.  Highest  mean  temperatures  of  air  in  13  h  of  the  day  of 
the  hottest  month  and  bichast  average  monthly  temperatures  cf  soil 
for  the  fundamental  areas  ct  the  USSR. 


CO 


Ha*ntao«3«ac  pa«o»» 
* 


(5)  Axemans  po»cx 
\  Caxaime 
•^Amo-Aw  . 

~  ApjaHrcjifcoi 
“  CTpOUHk  . 

Jifnna<S«j  . 
any  .  .  . 

•y«Mi 


j-'t-vu  rotetntttCK 

(>2>orocjU3KK 

• 

\JT~fniocx  •  • 
SjRmjw»octor 
A^MAiwap  . 


I^Tevwpa- 
ryp*.  *C 

*»  jj 
& 

*» 

3. 

m 

i 

14 

19. 1 

27.5 

— 

18.0 

- 

29.6 

36.0 

— 

27.9 

— 

25,9 

— 

25.7 

— 

21.1 

— 

22.5 

— 

20.3 

— 

23.2 

— 

22.4 

— 

Q 

HaNMeRotiHie  paftona 


\S>  f  f  ■ 


Bo-irorpaj(y) 
HaioraafA  . 
Bopowj^  . 
TopbKHM(l4  • 
TponHuAUM. 
Oepflcin^iil  . 

[n\  _  .  _ 
-flrienponcTpcBcn  [n\ 

EA«M  .  . 
EpcsaH&A 
3jnopo*i»e(jp) 

H  u  hobo  (m 
HpOirr  (i.4)  . 
Hpityrc*  (jV> 


~tP~ 


ryp*.  *C 


-  « 

3  = 


29.0 

21.1 

25.9 
23.1 
28.8 
27.3 
30.6 
26.7 

27.9 
30.6 

23.5 
27.9 

27.5 

27.5 


23.7 

13.2 


15.0 

12.3 


Bogcslovsk.  (23).  Yeravan.  (24).  cryansk.  (25).  Zapcrczh'ya.  (26) 
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Vitebsk.  (27).  Ivanovo.  (28).  Vladivostok.  (29).  Irbit.  (30). 
Vladimir.  (31).  Irkutsk.  (32).  kazalinsk.  (33).  Petrovskiy  zavcd 
(Zabaykal •  ye)  .  (34).  Kazan'.  (35).  Kaluga.  (36).  Petrozavodsk.  (37). 

Kern'.  (38).  Poltava.  (39).  Kerch*.  (40).  Poti.  (41).  Kiev.  (42). 
Pskov.  (43).  Kirov.  (44).  aostov  cc  the  Don.  (45).  Kirovograd.  (46). 
Ryazan'.  (47).  Kcstrcma.  (48).  Samarkand.  (49).  Krasncvcdsk.  (50). 
Saratov.  (51).  Krasnodar.  (52).  Sverdlovsk.  (53).  Krasnoyarsk.  (54). 
Sevastopol.  (55).  Krivcj  3cg.  (56).  Semipalatinsk.  (57).  Kuytyshev. 
(58).  Simferopol'.  (59).  Kurgan.  (60).  Smolensk.  (6  1).  Kursk.  (62). 
Solikamsk.  (63).  Kustacsi.  (64).  Taganrog.  (65).  Lugansk.  (66). 
Tambov.  (67).  Leninakan.  (66).  Tashkent.  (69).  Leningrad.  (70). 
Tbilisi.  (71).  Magnitogorsk  (72).  Tobol 'sk.  (73).  Bargelan.  (74). 
Tomsk.  (75).  Minsk.  (76).  Tula.  (77).  Hosco*.  (78).  Turkistan.  (79). 
Murmansk.  (80).  Tyumen'.  (61).  Kamangan.  (82).  Ul'yanovsk.  (83). 
Narym.  (84).  It  is  Oral.  (65).  Kerchinsk.  (86).  Ussuri.  (87). 

Nikolay  3v.  (88).  Ofa.  (69).  Nimclaye vsk- na-a aur .  (90).  Kberscn.  (91). 

Novgorod.  (92).  Khodzhent.  (93).  Novorossisk.  (94).  Tsslinograd. 

(95).  Novosibirsk.  (96).  Charaztuy.  (97).  Odessa.  (98).  Chelyabinsk. 
(99).  Omsk.  (100).  Chernigov.  (101).  Ordzhonikidze.  (102).  Chita. 
(103).  Orenburg.  (104).  Sncheglo vsK.  (Kuzbass).  (105).  Orel.  (106). 
Yakutsk.  (107).  Penza.  (108).  Yaroslavl'.  (1C9).  Permian 
period/Perm' .  (110).  Yalta. 


Page  101 
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Example  4-1.  To  determine  the  permissible  lead  on  those  laid 
open  aluminum  wires  witn  tne  po  lycnlorov iny 1  insulation  by  section  35 
mm2  for  the  line,  which  feeds  electric  metor  with  the  intermittent 
operating  mode. 

Duration  of  the  inc lusicn/connection  of  electric  meter  t9-2  min; 
the  genaral/common/tctal  Jurata.cn  of  cycle  /.-io  min.  Temperature  of 
surrounding  air  cf  +25°C. 


Solution.  Relative  duration  or  operating  cycle  from  (4-4) 


flBrnx 

value  of  their  correction  factor  (4-3) 

„  0.87S  .  „ 

**"Vra  " 


The  permissible  prolonged  current  lead  for  the  assigned 
conditions  of  separator  ca  Tarle  u-2  is  equal  to; 

130  «. 

whence  the  permissible  lead  for  conditions  cf  intermittent  service 
from  (4-1) 


/.-!,S6- ! 30- 254  a. 


Example  4-2.  To  determine  the  permissible  constant  load  on  the 
cable.  10  kV  with  the  paper  insulation  with  the  aluminum  veins/strands 
by  section  3x70  mm2,  laid  in  tne  trench  at  temperature  of  soil  cf 
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♦  25°C.  In  all  in  the  gereral/cunmon/total  trench  are  laid  seven 
cables  with  the  clearance  oetween  the  cables  200  mm.  Cne  cable 
stand-by  and  load  do«s  rcr  tear. 

Solution.  For  •  assigned  conditions  from  Table  4-12  we  find 
the  permissible  current  load  cn  tna  cable  under  standard  conditions 
of  the  separator: 

/*.*=— 165  a. 

From  Table  4-32  we  find  correction  factor  to  the  temperature  of 
soil  at  maximum  permissible  temperature  cf  cable  cores  10  kV  60°C 
(see  Table  4-32)  : 


K,  -  0,88. 
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Table  4-35.  Correction  factors  to  a  number  of  working  cables,  laid  by 
series/row  in  the  earth/grcund,  taking  into  account  tha  50o/c 
charging  of  the  part  cf  tn-a  carles. 


(^WacM  laOe-ncl.  ]arpy«emiux  aa  100/50% 

-  PaCCTMHK 
HtMuy  *jOt~ 

ilNI.  MM 

i/s 

V * 

3/3 

</2 

5/1 

100 

0,94 

0,87 

0,82 

0,80 

0,78 

200 

0,96 

0.92 

0.87 

0.84 

0.82 

300 

1.00 

0.93 

0,90 

0.87 

0,86 

Key:  (1).  Distance  between  cades,  aim.  (2).  Number  of  cables,  loaded 
to  1)0/50o/o . 

Page  102. 

Correction  for  a  nunoar  cf  carles  (six  working  cables)  we  find 
from  Tabl e  4-21: 

/fa— 0.81. 

General/commcn/tctal  correction  factor  in  (4-2) 

*«-0,88-  0.81  —0,712. 

Permissible  constant  lcaa  cn  the  cable  on  (4.1) 

/a-0,712- 165-117  x 

Example  4-3.  To  determine  the  permissible  constant  load  for  the 
cables  with  the  copper  veins/str anas,  run  in  channels  Nc  4  blacks 
cf  grouo  VII  under  the  following  conditions:  the  section  of  cables 
240  mm7;  voltage  6  kV;  the  relative  daily  mean  lead  of  block 
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•Se».e/5«— 0,85;  at  a  distance  or  2  a  frcm  tha  block  in  question  it  is 
arranged/ located  the  sane  nice*. 

Solution.  On  Tables  4-22  rcr  the  cable,  arranged/located  in 
channel  No  4  block  of  grcup  Vli,  we  find  the  permissible  current  lead 
for  the  cable  3x95  an2  t>  voltage  10  kV  /„.,-ii9<z. 

We  determine  the  values  cf  tne  correction  factors: 

in  the  section  cf  cable  in  Table  4-23  K4=1.55; 
to  the  voltage  of  cable  on  Tatle  4-24  Ks=1.05; 
for  the  mean-daily  lead  cf  block  on  Table  4.25  k6=1.07; 

with  the  distance  between  thea  of  2  i  on  Table  4-26  K7=0.93. 

General/commcn/total  correction  factor  /C«- 1 55 •!.<»•  1,07-0,93  =1.62. 

Permissible  lead  on  cable  /,»i,62- H9—I93  a 

4-2.  Selection  of  the  taxiaua  current  protection  cf  line1. 


FOOTNOTE  *.  See  also  Section  7.  EjiGFOCTNCTE 


DOC  =  80040305 


EAGt 


Safety  fuses  in  electric  systems  tc  1000V. 

Distinguish  safety  fuses  witn  the  large  thermal  inertia,  i.e., 
by  the  ability  tc  maintam/witnstand  considerable  short-term 
overloadings  by  current,  and  inertia-free,  possessing  small  thermal 
inertia  and,  therefore,  by  the  very  limited  capability  for 
overloadings. 

The  first  include  all  adjusting  safety  devices/fuses  with  the 
male  thread  and  the  leac  current-conducting  tridce,  to  the  second  - 
tubular  safety  devices/f uses  witn  the  copper  current-conducting 
bridge . 

Rated  current  by  smelting  insert  it  for  the  safety  devices/fuses 
with  the  large  thermal  irartia  is  determined  only  by  p  to  the 
strength  of  prolonged  calculated  current  of  line  /*■  from  the 
relaticnship/ratic 

/•>/««-  (4-5) 

Rated  current  by  smelting  insert  for  the  inertia-free  safety 
d^vices/f uses  must  satisfy  two  conditions  one  of  which  is  expressed 
by  relationship/ratic  (4-5) ,  acc  arcther  -  ere  cf  given  is  below 
formulas  (4-6)  ,  (4-7)  cc  14-8)  . 


I 

t 
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With  the  protection  cx  brancaing  to  the  single  electric  actor 
with  the  infrequent  laurcnings/startings  and  the  duration  of  start-up 
tine  not  are  more  than  2-2.5  s.  (electric  motors  of  metal-working 
machines,  fans,  pumps,  etc.) 

<«-*> 

with  the  protection  of  branching  tc  the  single  electric  motor  with 
the  frequant  launchings/ star tings  (electric  actcis  cf  taps/cianes)  or 
the  large  duration  of  the  start-up  time  (engines,  centrifuges, 
crushers,  etc.) 

'•>-nfer;  <"> 

with  the  protection  cf  main  line,  which  feeds  the  pcwer  or  combined 


loading, 

'•»&  «*•» 

In  the  latter/last  tnree  rcrmulas:  /•  -  the  starting  current  of 

electric  motor,  a;  -  maxiaus  short-term  current  cf  the  line: 

111  (^‘9) 

where  /*•  -  the  starting  current  cx  electric  meter  cr  group  of  the 

simultaneously  included  engines  during  launching/startiag  of  which 
the  short-term  current  cr  line  reaches  maximum  value,  a;  - 


prolonged  calculated  current  cx  line  to  thj  t ement/tergue  of 
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launching/starting  the  electric  motor  (or  the  group  of  engines) , 
determined  without  taking  rate  account  the  operating  current  cf 
started  electric  motet  (cr  the  group  cf  engines)  ,  CL, 

For  the  electric  actors  cf  critical  mechanisms  for  the  purpose 
of  the  especially  relialle  turirg  cut  of  safety  devices/fuses  from 
the  overshooting  it  is  allowed/assumed  when  selecting  of  safety 
device/fuse  to  use  formula  (4-7) ,  accepting  denominator  equal  to  1.6 
independent  of  the  conditions  ci  launching/starting  the  electric 
motor,  if  the  multiplicity  of  current  shert  circuit  satisfies  the 
conditions,  indicated  in  column  3,  *f*able  7-8. 

Rated  current  by  smelting  insert  for  the  protection  cf  branching 
to  the  welding  set  is  selected  from  the  relationship/ratio 

(4-10) 

where  /■„  -  the  rated  current  cf  welding  set  with  the  nominal 

duration  of  inclusion/ccnaection ,  a;  PV  -  nominal  duration  cf  the 
engaging  cf  the  apparatus,  expressed  in  the  portions  of  unit. 

Rated  current  by  smelting  insert  for  the  protection  cf  branching 
to  the  welding  set  can  be  taken  as  the  equal  tc  the  long  permissible 
current  upon  the  run  fer  the  feed  cf  welding  set  wire. 


Technical  specifications  of  safety  fuses  are  given  in  Table 
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The  selectivity  of  protection  by  the  safety  fuses  of  main-line 
multiended  line  is  achieved  by  a  consecutive  increase  in  the  values 
of  the  fuse  links  in  the  individual  sections  cf  line  in  proportion  to 
approximation/aoproach  to  a  pcint/item  of  feed. 
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Table  4-36.  Funda*ental  caar actenstics  of  safety  devices/fuses  t< 


500V  alternating  and  direct  current. 


ra 


HomiihWhm*  to.  nJiMoi 
tcraKi.  a 


TtXM.KCtl*  lipitltpKTffl 


HH-5 

HTIH-15 

HnH-60 

HfIP-100 

HnP-200 

KI7-60 

KTI-200 

Kn-350 

nnT-io 

nH-p-ioo 

nH-P-250 

CH-P-400 

nra-ioo/ii 

nH2-250/H 

nH2-400/ll 

nm-600/n 


[IK-27 

mu.  riac-i 
aa-2.  rmc-2 
rm-3.  rmc-3 
nn-4.  rmc-4 
aa-5,  aac-s 
aa-6.  aac-6 

nn-7 

rum-2 
HOtf-e 
ifll  y.20 
fiPc-6 
apc-20 

n'PC-63 

r.  pc- too 


.  .  I.  TpyBiamut 

220" t  b  cerax  no-  6,  10.  15 

CTOUHHoro  TOKa.  [5,  20.  25.  35.  45.  60 
380  a  a  cerax  60  80  l00 

TXSS  «  >00.  ,25.  ,60.  200 

a  cerax  500  »  200.  225.  260.  300.  350 

II  raOapnTa  350,  430,  500.  600 

600  .  700  .  800.  ,  000 

380  200.  225.  300.  350 

500  6.  10.  ,5  (J 

500  ,5.  20.  25.  35.  45.  60 

500.  60,  80,  100 

500  100,  ,25.  160.  200 

5Q0  10,  IS.  20,  25.  35.  45,  60 

500  60.  80.  ,00.  125.  ,60.  200 

500  200.  225.  260.  350 

250  4.  6.  10  . 

500  30,  40,  50.  60.  80.  ,00  V 

500  80.  100.  ,20.  ,50.  200,  250 

500  200,  250,  300.  350.  400 

500  30,  40.  50.  60.  80.  100 

500  80.  100,  120.  150.  200.  250 

500  200,  250.  300.  400 

500  300.  400,  500,  600 

2,  ^cloaNoaoxNapa  c  lunmotoi  ptstdou 

500  4,  6,  10,  15,  20 

380  1,  2,  4,  6 

380  10.  ,5.  20 

380  25,  35.  60 

360  80.  ,00.  125 

380  160,  200,  225 

380  260,  300,  350 

360  430,  500.  600 

380  10.  15,  20 

380  1.  2,  4.  6 

380  10,  15.  20 

380  I.  2,  4.  6 

380  10,  16,  20  , 

380  25,  40,  63 

380  80.  100 
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Key:  (1).  Type,  (2J  .  Rated  current  of  receptacle,  a.  (3).  Ncninal 
voltage,  V.  (4).  Rated  current  fcy  sielting  insert,  a.  (5).  Technical 
characteristic.  (6).  Turuiar.  1 7 > -  220  V  in  nets  direct  currents, 
38CV  in  nets  of  alternating  current  of  I  overall  size  or  in  rets  500 
v  of  II  overall  size,  (8).  Closed  disscurtatle  without  filler.  (3). 
Receptacle  with  filler.  (10).  Receive!.0  (ncncollapsable  with 
filler).  (11)  .-hvjtsam^li-t).  Closed  dismount atle  with  quartz  filler. 
(13).  Closed  receptacle  with  filler.  (14).  Adjusting  with  male 


thread 
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Table  4-37.  Conditions  cf  me  selectivity  of  safety  fuses  PN 2  for  the 
nets  of  ^specially  critical  designaticn/purpcs*. 


(4 

V*iji 

10 

so 

50 

>00 

ISO  ■  6o- 

Mt 

rUaiiTai  KTanu 

C  UOMMMa.IbHUM 

TOCOM  /#  MtWb- 

tuefl  •eviamiNU.  s 

(?1 

wnna»K»  scTaSKa  c  HoumiaxkKyM  tokom  SoJikuitO 

KJimiHU.  a 

30 

50 

60 

120 

150 

200 

•10 

60 

80 

120 

200 

200 

50 

80 

100 

120 

250 

250 

60 

100 

120 

150 

.250 

250 

80 

120 

120 

200 

250 

250 

100 

120 

120—150 

250 

250 

250 

120 

150 

200 

300 

300 

300 

150 

1  200 

250 

300 

300 

300 

200 

250 

300 

400 

400 

400 

250 

300 

400 

600 

>600 

600 

300 

400 

500 

>600 

— 

— 

400 

600 

>600 

— 

— 

— 

Key:  (1).  and  more.  (2).  Fuse  Ian*  with  rated  current  of  smaller 


value,  a.  (3)  .  Fuse  lit*  wart  reted  current 


cf  larger  value,  a 
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Table  4.38.  Conditions  cl  the  selectivity  of  safety  fuses  PN2  for  the 
rets  of  normal  d3signaticn/purpcse. 


10 

» 

SB 

CJT 

100  ■  904. « 

riaasisl  BCTdiita  c 

0) 

UOMHHaJIbHUM  TOKO* 
Mewkniei 

mjiwwim.  a 

n.-iatt'K  SCTatKJ  c  HOMHHa/ifcH WM  TOKOM  /|  |0 OAfctueff 
■f JiirtHHW*  a 

30 

10 

50 

80 

120 

40 

50 

60 

100 

120 

SO 

60 

80 

120 

120 

60 

80 

lOO 

120 

120 

SO 

100 

120 

120 

150 

100 

120 

120 

150 

150 

120 

ISO 

150 

250 

250 

150 

200 

200 

250 

250 

200 

250 

250 

300 

300 

250 

300 

300 

400 

>600 

300 

|  400 

400 

>600 

— 

400 

t  500 

>600 

— 

Key:  (1).  and  more.  (2).  Fuse  link  with  rated  current  of  smaller 

value,  a.  (3)  .  Puss  link  with  rated  current  cf  larger  value,  a. 
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In  view  of  the  prctaole  deviations  cf  the  parameters  of  inserts 
from  fixtures  at  their  production,  and  also  the  different  conditions 
for  the  work  of  safety  device/fuse  in  the  dependence  cn  the  place  of 
its  installation  the  guarantee  cf  selectivity  of  protection  presents 
known  difficulties  and  requires  the  corresponding  selection  cf  the 
values  of  the  rated  currents  cf  tne  fuse  links  in  two  adjacent 
sections  of  line,  shielded  fcy  uirferent  safety  devices/fuses. 


DOC  =  30040305 


w 


E  AGE 


0 


Table  4-37  gives  the  r elaticnships/ratics  cf  the  fuse  links  cf 
safety  de vices/f uses  PNi  tc  tae  larger  and  ssaller  values  cf  rated 
currant  for  the  nets  cf  especially  critical  designation/purposa  in 
the  dependence  on  the  ratic  cf  sncrt-cir cuit  current  I*  to  the  rated 
currant  smelting  insert  witn  smaller  value  that  shew,  what  value 

of  rated  current  smeltirc  insert  V*  should  he  selected  in  order 
under  any  unfavorable  ccnditicns  tc  ensure  the  necessary  selectivity. 


Since  the  corrected  values  are  derived  fer  guaranteeing  the 
selectivity  under  the  laast  favcrarle  corditicns,  in  the  usual 
practice  sufficient  reliability  is  obtained,  if  we  proceed  frem 
average/mean  divergences  from  tne  standard  c haractaristics.  Accessary 
for  thes<=  cases  relaticnsnips/ratics  are  giver  in  Table  4-38. 


Safety  fuses  in  electric  systems  above  1C00V. 

In  the  electric  systems  by  voltage  above  1000V  for  the 
protection  of  lines  from  tne  excess  currents  is  applied  relaying  the 
information  about  which  can  be  obtained  froi  the  appropriate 
literature.  For  the  protection  cf  transformers  also  are  applied  the 
safety  fuses. 


Th  a  information  abcut  tne  sarety  devices/fuses,  utilized  in  the 


electric  systems  6-35  kv,  is  given  in  Table  4-3S 
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The  selection  of  safety  uevice/fusa  in  depending  on  the  power  cf 
the  shielded  installaticr  can  U  produced  on  Tatle  4-4C. 

Automatic  switches  and  magnetic  starters. 

Overload  protection  is  provided: 

1)  by  the  thermal  releases  cf  automatic  switches  (series  AP-50, 

A-3100  and  the  like),  tnar  operate  with  delays  cf  time,  conversely 
dependent  on  the  strength  of  current  of  the  overloading; 

2)  by  releases  with  tne  clockwork  automatic  switches  (series  AV) 
with  the  conversely  dependent  from  the  current  characteristic; 

3)  by  electromagnetic  releases  with  time  element,  sufficient  for 
dacraasing  the  starting  current  cf  electric  actcr  tc  the  noraal,  the 
automatic  switches  of  series  as  and  AS; 

4)  by  thermal  relays  with  the  heating  elements  of  the  magnetic 
starters; 

I 


5)  by  releases  with  tne  hydraulic  retarder  of  the  automatic 
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switches  of  typos  AST  and  AK. 

For  the  protection  f.oa  me  snort  circuit  are  applied  automatic 
switches  with  the  electromagnetic  releases  cf  momentary  effect  or 
with  time  element,  which  ensures  the  selectivity  cf  action. 

The  automatic  switchss  or  series  AV  have  two  time  differences: 
0.25  and  0.4  or  0.4  arc  C.o  s,  and  series  AS  and  AM  -  three 
steps/stages:  0.18;  0,36  and  0.63  s. 
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Key:  (1).  Type  of  fuse.  (z)  .  Nominal  voltage,  kV.  (3).  Greatest  rated 
current  of  receptacle,  a.  14).  Smallest  disconnected  current  in 
portions  of  nominal.  (5).  Halting  current  cf  cutcf f/disconnection, 
kA.  (6).  Symmetrical  component.  (7).  taking  into  account  aperiodic 
component.  cs).  Greatest  creaking  capacity  (three-phase),  HV  A.  (9). 
Greatest  current  spike  wicn  cute fr/disco nnection  cf  limiting  current 
short  circuit,  kA.  (10).  It  is  urccnfined. 

Page  109. 

For  guaranteeing  tne  selectivity  in  the  systems  cf  the  electric 
systems,  shielded  by  automatic  switches  cf  the  type  indicated, 
smallest  time  element  is  sstafclishcd/installed  in  the  electrical 
receiver. 

The  simultaneous  protection  cf  lines  fren  the  overloading  and 
the  short  circuit  is  realized  cy  a  usa/a pplicaticn  cf  the  combined 
releases,  which  consist  cf  two  ele nents/cells:  cne  -  for  overload 
protection  and  another  -  for  tne  protection  from  short  circuit. 

Technical  data  of  the  releases  of  automatic  switches  they  are 
given  in  Tabla  4-41-4-45. 


Technical  specifications  of  tne  heating  elements  of  the  thermal 
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relays  of  the  magnetic  starters  ct  series  P,  adjusted  on  the 
tranchings  to  the  electrical  receivers,  are  shown  in  Table  4-46. 

Data  incorporated  tc  the  magnetic  starters  cf  series  PA  of 
thermal  relays  are  given  in  Table  4-47.  Tables  4-48  and  4-49  give 
technical  specifications  of  tae  switches  of  types  AST  and  AK. 

The  rated  current  cf  the  snialding  from  the  overloading  thermal 
release  or  release  with  the  nydrauiic  retarder  of  automatic  switch 
and  heating  element  of  the  thermal  relay  of  magnetic  starter  is 

selected  only  on  the  prclcnged  calculated  current  of  the  line: 
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Table  4-40.  Selection  cr  sarsty  da « ices/fus as  fcr  the  protection  of 
the  installations  of  three-phase  alternating  current  6-35  kv. 


(A 

HoMRMMfcMMt 

Ton  ycrawo*. 

».  a 

Homnlt^buult  to* 
ajumoM  ktjmi 
ap*BOSp4MITTei«. 

a 

Tp«a$4llM«  MOW  HOC  Th.  Km. 

ycriMOMN  npn  g$ 

6 

10 

3S 

0.5 

2.0 

I 

5 

10 

1.0 

3.0 

10 

20 

50 

1.9 

5.0 

20 

30 

100 

3.0 

7.5 

30 

50 

180 

5.0 

10 

50 

75 

8.0 

15 

75 

100 

320 

10 

20 

too 

180 

560 

14,5 

30 

135 

240 

20 

40 

180 

320 

I  000 

30 

50 

320 

560 

54 

75 

560 

750 

70 

100 

750 

t  000 

10O 

150 

IOCO 

1  500 

_ 

145 

200 

1500 

2  500 

210 

300 

2000 

— 

Key:  (1) .  The  rated  current  of  installation,  I.  (2) .  Bated  current  fcy 
smelting  insert  of  safety  aevice/fuse,  A.  (3).  Nominal  three-phase 
power,  KVA,  shielded  installation  with  voltage,  kv. 

Fage  110. 

The  rated  current  of  the  electromagnetic  or  combined  release  cf 
automatic  switches  /M  is  selected  also  cn  the  prolonged  calculated 
current  of  the  lina: 

(4-12)  . 

and  tae  spill  current  (cutoff)  of 

electromagnetic  or  combination  rexsase  is  checked  using  the 

maximum  short-term  current  cf  line  from  the  re lationship/rat ic 

(4-»3) 

(for  the  branching  to  single  electric  motor  the  maximum  short-term 
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current  of  line  is  equal  to  toe  starting  current  of  electric  motor 

Coefficient  of  1.25  in  formula  (4-13)  considers  inaccuracy  in 
the  determination  of  the  maximum  snort-term  current  of  line  and 
spread  of  the  characteristics  of  the  electromagnetic  releases  of 
automatic  machines.  For  the  majority  cf  automatic  machines  the  value 
of  this  coefficient  provides  the  impossibility  of  the  false 
cutof f /disconnection  of  line  during  launching/starting  of  electric 
motors,  since  the  spread  cf  the  characteristics  cf  automatic  machines 
does  not  exceed  +-15o/c.  Fee  the  automatic  machines  of  the  type 
A3110,  the  spread  of  claxact eristics  cf  which  reaches  value  *-300/0, 
coefficient  value  in  formula  (4-13)  should  te  taken  as  the  equal  tc 
1.  5. 

The  spill  currant  cf  the  releasa  of  automatic  switch  with  the 
adjustable  conversely  dependent  cn  the  current  characteristic  is 
determined  from  tha  formula 


(♦•M) 
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Tabln  4-41.  Technical  sfscincaticns  of  the  aaxinum  releases  cf  the 
automatic  switches  of  serias  4V  (nominal  voltages  500V  of  alternating 
and  460V  direct  current). 
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aaTVMJTa 
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HomHHZJI*’ 

llfcift  TOK 
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(») 
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AB46 

400 
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100,  150,  200 

150 

_ 

150.  225,  300 

250 

— 

250.  375.  500 

400 

— 

400,  600,  800 

AB4H 

400 

120 

150,  250 

960,  1300 

AB4C 

150 

190,  300 

1  200,  1  650 

ABIHB 

200 

250,  400 

1600  ,  2  200 

AB4CB 

250 

310,  500 

2000  ,  2  750 

500 

375,  600 

2  400  ,  3  300 

400 

500,  300 

3  200  .  4  400 

ABI0B 

1000 

600 

COO.  900.  1  200 

800 

— 

800,  1  200,  1  600 

>1 
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AB10B 

1000 

1000 

— 

1  000.  1  500  .  2000 

A8I06B 

800 

600 

600,  900,  1  200 

800 

— 

800,  1  200,  1  600 

ABI0H 

1  ooo 

500 

625,  1000 

4  000,  5  500 

ABIOC 

600 

750,  1  200 

4800,  6600 

1  000 

1  100,  1  600 

6  000.  8  090 

1800 

1  500.  2  000 

8000.  10000 

ABtOHB 

750 

500 

621,  1000 

4  000  .  5  500 

ABIOCB 

600 

750,  1  200 

4  800  ,  6  000 

-• 

750 

1  OOO.  1600 

6000.  8000 

ABI5B.  ' 

.  1500 

1  000 

I 

1000,  1  500  .  2000 

* 

1500 

— 

1500  .  2200  .  3000 

AB18EB 

1150 

800 

800.  1200.  I  GOO 

1  ISO 

— 

1000.  1500  .  2000 

AB15H  ' 

1500 

1  OOO 

1  250,  2000 

8000.  10000 

ABiSC 

1  200 

1  500  ,  2  400 

8000.  10000 

1500 

1800,  3000 

8000,  10000 

ABISHB 

t  150 

800 

1  OOO.  1600 

8000.  10000 

AB15CB 

1  150 

1  450,  2300 

8000,  10000 

AB20B 

2000 

1500 

1  500  .  2000  .  3000 

‘  2000 

— 

2000,  3000  ,  4  000 

AB20BB 

^■1  500 

-vinoo 

1000,  1500,  2000 

-2000 

1500 

1500  ,  2200  ,  3000 

-2000 

2000  .  3000  .  4000 

AB20H 

2000 

1000 

i;250,  2000 

8000,  10000 

AB20C 

1*200 

i;500,  2  400 

80  000,  10000 

1  500 

U800  ,  3  000 

8000,  IOCOO 

2000 

2^500,  4  000 

8000.  10000 

AB20HB 

>.1  500 

1  000 

1250  ,  2000 

8000.  10000 

AB20CB 

-2000 

1  200 

1500  ,  2  400 

8000.  10000 

1  500 

1  800,  3000 

8000.  10  OOO 

—2000 

2500  .  4000 

8000.  IQ  OOO 

Kay:  (1)  .  Type  of  automatic  machine.  (2) .  Rated  current  of  automatic 
machine,  A.  (3).  Rated  current  cf  ceil  of  maximum  release,  A.  (4). 
Settings  of  spill  current  of  taiiiua  releases,  A.  (5)  .  on  scale  of 
conversely  dependent  or  current  cnaract eristic,  (6) .  cn  scale  cf  net 
dependent  on  current  characteristic  (cutcf f) . 
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Table  4-42.  Technical  of  the  releases  of  the  automatic  switches  of 
series  A-3100  (nominal  voltages  500  V  of  alternating  and  220  V  direct 
current ) . 
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60 
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800 
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100 
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100 

15.  20.  25,  30 
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30 

430 

A3 123 

40.  50.  60 
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600 

80.  100 
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100 

800 

A3I34 

200 

120 

840 

200 

840 

A3133 

ISO 

1050 

■  200 

1050 

200 

1  400  | 

200 

I  400 

A3I44 

600 

250 

1750 

600 

1  750 

A3 1 43 

300 

2  100 

600 

2  100 

400 

2  800 

600 

2  800 

500 

3  W0 

600 

'3  500 

600 

4  200 

600 

4  200 

Motes:  1.  The  multiplicity  of  the  spill  current  of  the  thermal 
release  of  the  automatic  switches  of  series  A3160  composes  1.35,  and 


all  remaining  types  1.45. 


2.  During  setting  up  of  automatic  switches  in  closed  catinets. 


for  example  series  PP9CCC,  ccnaiticns  of  ceding  switches  deteriorate 
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and  rated  current  of  svitcn  and  thermal  cr  combined  release  mcst 
descend  to  80-90c/o  (in  average/mean  85o/o)  cf  nominal  values, 
indicated  in  Table  4-42. 

Key:  (1).  Type  of  automatic  machine.  (2)  .  Hated  current  of  automatic 
machine,  A.  (3).  Thermal  ana  combined  release.  (4).  Electromagnetic 
release.  (5).  Rated  current,  A.  (6).  Setting  cf  current  of 
instantaneous  functioning,  A.  17).  Setting  of  current  of 
instantaneous  functioning.  i8j .  alternating  current,  A.  (9).  direct 
current,  A. 
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Table  4-43.  Technical  specrticaticns  of  the  releares  of  the  automatic 
switches  of  series  AE5C  (nominal  voltages  380V  of  alternating  current 
and  220V  direct  current,  rated  current  50/1). 
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11 
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'  22 
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28 

36 
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6.4 

4-6.4 

45 

57 
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HHTBbia 

10 

6.4-10 

70 

90 

An50-3T 

TtJtiolaft 

16 

10-16 
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AIT50-2T 

25 

16-25 

175 
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40 

25—40 
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352 

50 

30-50 

350 
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Note.  Multiplicity  cf  the  spill  current  cf  thermal  release 
1.  2  5-  1.  35. 


Key:  (1).  Type  of  automatic  machine.  (2).  Release  of  maximum  current. 
(3).  Rated  current  of  release  >,  A. 


FOOTNOTE  *.  It  relates  tc  all  performances  cf  the  automatic  switches 
of  series  AP50.  ENDPCCT  &C1E . 
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(4) .  Ganges  of  adjustment  of  rated  currant  cf  setting  of  theraal 
release  A. 

FOCTNOTE  2.  It  relates  tc  tne  performances  2MT,  3MT,  2T  and  3T. 

EN  CFOCTNOTE. 

(5)  .  Spill  current  of  electromagnetic  release  (cutoff)  3,  A. 

FCCTN0T2  3.  It  relates  tc  tne  performances  2B1,  3HT,  2M  and  3B. 
ENDFOOTNOTE. 

(6) .  with  alternating  current  fay  frequency  of  50  Hz.  (7).  with  direct 
currant.  (8).  Combined.  (9).  Electromagnetic.  (10).  Thermal. 
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Table  4-44.  Technical  specifications  of  the  releases  of  the 
single-pcle  autoaatic  skitcnes  ct  series  AC-15  and  AB  — 25. 


('1 

Tn  inwan 
■  pacqenartA* 

(X) 

II  */tkJ40€ 

nai»pnwew*c. 

.  * 

w 

if} 

£  *  "  O 

(H) 

HovMiiajikiiwfl  to* 
pocueDirrtJi*.  a 

XpaTMOCTfc 

roira  cpa6a* 

TWftMKU*  i.irt- 
rpoMarHKTHoro 
pncaeoNTeifR 

A6*25  refeoBoA 

(v 

220  ncpcMew- 
Horo  T0K3 

25 

15,  20,  25 

— 

W 

AO-1SMT  iron- 

0mHpOB3HHbift 

220  no£ro«H- 
Horo  h  nc- 
pemeiiHoro 

TOIO 

IS 

I;  1.2;  1,5;  2; 
2.5;  3;  4;  5;  6; 

8;  10;  12;  15 

10-15 

f75f 

AO-I53M  sjieit- 
TpoiariiMTHuft 

Td*e 

15 

I*.  1.2;  1,5;  2; 
2.5;  3:  4;  5;  6; 

8;  10;  12;  15;  20 

1.3 

AO- ISM 
TpOMarHHTHyfl 

220  nc^o«H- 
Horo  h  nc- 
peMeHHoro 
TOKa 

15 

1;  1,2;  1,5;  2; 
2.5;  3;  4;  5;  6; 

8;  10;  12;  15;  20 

2—10 

AO-15T  ti^boA 

_© 

To  *e 

15 

1.5;  2.5;  4;  6; 
10;  15;  20;  25 

— 

Note.  Multiplicity  cf  the  spill  current  of  thermal  release  1.35 


Key:  (1).  Type  of  automatic  machine  and  release.  (2).  Nominal 
voltage,  in.  (3).  Ratec  current  cr  automatic  aachine,  A.  (4).  Rated 
current  of  release,  A.  (5) .  Multiplicity  of  spill  current  of 
elect rcaagnetic  release.  (6).  thermal.  (7),  alternating  current.  (8) 
combined.  (9).  direct  and  alternating  current.  (10).  electromagnetic 
(11).  Then. 
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Table  4-45.  Technical 
automatic  air  circuit 


specif icaticns  of  the  maximum 
treaKers  cf  series  AS,  AG  and 


releases  cf 
AM  to  400V 


alternating  and  220V  direct  current. 


(»> 

u 

* 

* 

2 

• 

<* 

e 

4 

V4 

is 

x  a 
?  o 

i s 

O' 

HoMHHaJTbHMft 
TO*  MaKi'll* 

na.ibHoro 

pacuenHTe.ia. 

a 

Rp^TMocTk  jtct* mm  rc *j  cptdanMMif  no  onto- 

OXCMNIO  S  HOMtfMAAfcHOMy  TO KJ 

(®>a| 

?-5 

5u  a 
C  >«  u 

{(,) 

PKSraHTcn 

UeOHTC^b 

•OtfM  K.  3* 

rpyMB 

AC 

AT 

800 

75.  130,  !90, 
260.  375,  500, 
625,  800 

2-4,5 

1  500 

1  250,  1  500 
2000  .  2500 

800 

150,  300,  -(00, 
500.  600,  800 

2—3 

1  000 

1  non.  I  250, 

1  500 

AM 

800 

130,  190,  260. 
375,  500,  625. 
800 

— 

n  V0' 

UpH  nepe* 

MCHHOM  TOKC 
2—8 

n 

UpH  nepe- 

MCHHOM  TOKC 

1.55-2 

1  500 

2  500 

1  250,  1  500, 

2  000,  2  500 

-  iS/Lmu 

Q> 

ripn  nOCTOUH- 
HOM  TOKe 

3-4,5 

l  lpH  nocromi* 

HOM  TOKC 

2-4.5 

Note.  The  automatic  machines  of  series  AS,  AG  and  AM  for 
guaranteeing  the  selectivity  cf  protection  car  be  inclined  tc  one  of 
three  steps/stages  of  triggering  time:  0.18;  C.38  and  0.63  s. 


Key:  (1).  Type  of  automatic  machine.  (2).  Rated  current  of  automatic 
machine,  A.  (3).  Rated  current  cf  maximum  release,  A.  (4). 
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Multiplicity  of  settings  of  spill  current  in  rsaltion  to  rated 
current.  (5).  Limits  of  settings  of  spill  current.  (6).  Release  of 
zone  short  circuit.  (7).  Ccalined  celease.  (8).  zone  short  circuit. 
(9).  zone  of  load.  (10).  Hitn  alternating  current.  (11).  With  direct 
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Tabla  4-46.  Technical  specifications  of  the  heating  elements  cf  the 
thermal  relays  of  the  magnetic  starters  cf  series  P  (nominal  voltage 
cf  up  to  500  V)  . 


(*> 

3 

3 

M 

V 

3 

X 

IV 

too  Mcueii* 
to*  nyc*3T<* 

AC#  2  #  SCAH- 
4RHU.  a 

CD 

m 

o 

H 

X 

W 

* 

u 

• 

z 

HomilifejIfcUttC  TO  ICC  MCMCH- 
to*  nycfureAcft 

(£> 

8 

X 

a 

n 

< 

HJSHl-lfcHWC  TOKM 
Meue»To»  nycKjTc.icA 

2  ft 

a 

1-fl  ac^^iwiru. 
a 

4 -ft 

NUHU.  a 

s> 

5- ft  Ts.iif- 
4HMU.  a 

1 

0,64—0,73 

20 

3. 9-4. 2 

6.0 — G.5 

2 

0.73—0.80 

21 

4.2— 4.7 

6.5— 7.0 

43 

31—34 

— 

3 

0.80—0.90 

22 

4.7-5. 2 

7.0— 7.7 

44 

34—37 

— 

4 

0.9— 1. 0 

23 

5.2-5. 8 

7,7 — 8.5 

45 

37-41 

— 

5 

1 .0 — t.l 

24 

5.8 — 6.3 

8.5 — 9,5 

46 

41—45 

— 

6 

1. 1-1.2 

25 

6.3-7. 2 

9.5—10,5 

47 

45-50 

— 

7 

1. 2-1. 3 

26 

7. 2-8.0 

10.5—11,5 

48 

50-55 

— 

S 

1.3-1. 4 

27 

8,0 — 8.9 

11.5-12,5 

49 

55-60 

— 

9 

1. 4-1.5 

28 

8.9-9. 7 

12.5-13.5 

50 

60-65 

— 

10 

1.5-1. 7 

29 

9,7-10.7 

13.5—15,0 

5! 

65-70 

— 

II 

1.7— 1.9 

30 

10.7—11.6 

15,0-16.5 

52 

70—77 

— 

12 

1. 9-2.1 

31 

11.6-12,8 

16.5—18,0 

53 

77-85 

— 

13 

2. 1-2.3 

32 

12,8—13.8 

18.0—20.0 

54 

85-95 

— 

14 

2.3-2, 5 

33 

13,8—15,2 

20,0—  22,5 

55 

95-105 

— 

15 

2.5— 2.7 

34 

15.2—16,8 

22,5—25.0 

56 

— 

66—65 

IS 

2,7 — 2.9 

35 

16,8—18,3 

25—28 

57 

— 

65—70 

17 

2.9 — 3.3 

36 

18.3—20,0 

28—31 

58 

— 

70-77 

18 

3. 3-3.6 

37 

— 

31—14 

59 

— 

77-85 

19 

3,6 — 3,9 

38 

— 

34—37 

60 

— 

85-95 

— 

— 

39 

— 

37—41 

61 

— 

95-105 

— 

— 

40 

— 

41—45 

62 

— 

105-115 

— 

— 

41 

— 

45-50 

63 

— 

115-125 

— 

— 

— 

— 

— 

64 

— 

125—135 

““ 

65 

— 

135—150 

Note.  The  multiplicity  of  taa  spill  current  of  thermal  relay 


DOC  =  30040306 


PAG£ 

with  respect  to  the  ratea  current  of  heating  element 
Thermal  relays  allow/assuiae  toe  ra^ulatad  values  cf 


Key:  (1).  elements/cells, 
starters  of  2nd  value,  A. 
starters.  (4)  .  cf  val 


(z)  •  cat  ad 

currents 

of 

el 

(i)  .  iatad 

currents 

of 

el 

ue  ,  A  . 

i 


t 

\ 


is  equal  to  1.2. 
spill  current. 

ments/cells  of 
ments/calls  of 
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Table  4-47.  Technical  cata  of  eternal  relays,  incorporated  into  the 
magnetic  starters  of  seiias  la  (nominal  voltace  500V) . 
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({,;  naatiut 

( 1 )  To*  ycTaiKM  reonotux  pe.ne.  a 

2 

g 
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X 
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m  m 

33 
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>S<J 

X  >N 

(<*■) 

Aianaaon 

pcry-»«po«i- 

HU 

X 

4 

1 

5 

s 

o 

X 

<5> 

ii 

>*« 

X  >» 

/wanasoM 

peryjui- 

pOUHM 

3 

17 

TPM-32 

40 

32 

24—40 

40 

32 

24—40 

4 

28 

TPI1-G0 

56 

50 

38-56 

56 

44 

33—56 

5 

55 

TPn-150 

115 

120 

90—115 

115 

104 

78—115 

5 

55 

TPM-150 

115 

70 

52.5—87.5 

115 

60 

45—75 

6 

75 

TPn-150 

150 

130 

97,5—150 

140 

125 

94-140 

Notes:  1.  2ero  setting  corresponds  to  the  zero  position  of  the 
indicator  of  the  scale  cf  tue  settings  of  thermal  relay. 

2.  Multiplicity  of  spill  current  of  themal  relay  with  respect 
to  rated  current  composes  1.2. 

3.  Scale  of  relay  is  designed  for  ambient  temperature  of  *35°C. 
At  a  lower  ambient  temperature  trip  point  must  fce  increased  cf  the 
calculation  one  scale  divisicc  cn  10°C. 


Key:  (1).  Value  of  starter 


(2) .  highest  efficiency  cf  electric  motcr 
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with  voltage  380V,  k».  (3).  lypfe  or  thsmal  relay.  (4).  Performance 

of  starter.  (5).  opened,  lb),  abided.  (7).  Current  of  setting  of 
thermal  relays,  A.  (8).  tcainal.  (h)  .  zero  setting.  (10).  range  of 
control . 


'it'. 

ft 
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Table  4-48.  Technical  specifications  of  the  automatic  switches  of 
alternating  current  AST. 


tn 

anOHara 


ACT-2 
ACT -3 


fv) 

HottNitiu'fc- 
wn«  tianpa- 
meuMe.  « 


380 


u> 


Hmuma.i  te¬ 
nt*  to*.  * 


25 


ilOAMHankllbl*  toko* 
ptcKontrreJiefl.  a 


0.3;  0.4;  0.5;  0,63;  0,8;  I; 
1,25;  1,6;  2;  2.5;  3.2;  4;  5; 
6.3;  8;  10;  12.5;  16;  20;  25 


Mote;  1.  Automatic  switcaes  are  made  in  two-pole  (AST-2)  and 
tripolar  (AST-3)  versions. 


2.  Electromagnetic  releases  of  switch  are  equipped  with 
hydraulic  retarder,  which  ensures  with  multiplicity  of  current,  equal 
to  1.2  nominal  ones,  tiae  element  not  mere  than  20  min,  with 
multiplicity  of  current  from  6  tc  15  6-15  s  and  with  multiplicity  14 
momentary  effect  (cutoff). 


Key:  (1).  Type  of  automatic  macniae.  (2).  Nominal  voltage,  in.  (3). 
Rated  current,  A.  (4).  Scars  of  rated  currents  cf  releases,  A. 
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3.  Releases  are  made  with  aultiplicity  of  current  of  cutoff  14 
for  alternating  current  ana  5  -  lor  direct  current.  Releases  of  the 
type  M  are  Bade  for  altercating  current  alsc  with  the  multiplicity  cf 
current  3. 


4.  Releases  of  type  MG  nave  triggering  time  with  multiplicity  cf 
current  1.2  not  more  tlan  20  aic  acd  with  multiplicity  6  from  3  to  20 


Key:  (1)  .  Type  of  automatic  maculae.  (2)  .  Nominal  voltage,  in.  (3) 
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Scale  of  rated  currents  cf  releases,  A. 


4-3.  Selection  of  the  sections  cf  Hires  and  cables. 


The  section  of  wires  and  cables  by  voltage  cf  up  to  10007 
according  to  the  condition  nestings  are  defined  fro#  tables  4-1-4-20, 
4-22  and  4-27-4-31  in  depending  on  computed  value  of  the  permissible 
constant  lead  under  standard  conditions  cf  the  separator,  defined  as 
high  value  of  two  relati ensnips/ratios: 


according  to  the  condition  cf  heating  fcy  the  prolonged 
calculated  current 

and  according  to  conformity  condition  to  the  selected  apparatus  of 
the  maximum  current  protection 


where  *■ 
cables ; 


/  *»/ 1 


(«•<«> 


correction  factor  to  tne  conditions  of  the  wiring  and 


-  multiplicity  of  the  peraissinle  prolonged  current  for  the  wire 
cr  the  cable  with  respect  to  tne  rated  current  or  the  spill  current 
of  the  shielding  apparatus; 


r»‘  -  rated  current  or  spill  curient  of  shielding  element/call ,  A 
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Under  standard  conditions  tor  separator  JC.-l  and 
ralationship/ratio  (4-15)  and  (4-1b)  they  are  siaplifiad: 

/•«>/ *»:  (4-17) 

(4-18) 

Page  113. 

Values  k.  and  /.  are  aatarsiaed  froa  table  4-50  in  depending  cn 
a  character  of  natwork/grrd,  type  of  the  wire  insulation  and  cables 
and  conditions  of  their  separator. 

According  to  Secticn  oi  III  EUE  the  netwcrks/grids  ara  divided 
into  two  groups:  the  net wor Ks/grads  which  must  be  shielded  frcm  the 
overloading  and  the  currents  sncrt  circuit,  ard  the  networks/grids, 
shielded  only  from  the  currants  short  circuit. 

According  to  §  III- 1-9  EQE  to  overload  protection  they  are 
sub  ject : 

1)  the  networks/grids  indoors,  made  opened  by  the  laid 
unprotected  isolated/icsulate d  conductors  with  the  ccabustible  shell 


2)  the  networks/g rids  inuccrs,  made  by  shielded  conductors,  the 
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conductors,  laid  in  the  tunes,  not  combusted  structures,  etc.,  in  the 
following  cases: 

A.  Lighting  systems  in  toe  hacitable  and  public  buildings,  the 
commercial  locations,  official-everyday  locations  of  industrial 
enterprises,  switching  on  net eorks/grids  for  the  everyday  and  movable 
electrical  receivers,  and  also  in  the  flammable  production  locations. 

5.  Power  networks/grids  in  industrial  enterprises,  habitable  and 
public  buildings,  commercial  locations  in  cases  when  under  conditions 
for  technological  process  or  conditions  of  wcrk  of  network/grid  can 
appear  prolonged  overloading  ct  wires  and  cables. 

C.  Of  networks/grids  of  ail  forms  in  dangerously  explosive 
placements  and  dangerously  explosive  external  settings  up  independent 
of  conditions  of  technological  process  or  acde/conditions  of  wcrk  of 
net work /grid. 

All  remaining  net vcins/gnos  do  not  require  overload  protection 
and  are  shielded  only  from  tbs  currents  short  circuit. 

If  the  permissible  prolonged  current  lead,  found  from  (4-16)  or 
(4-18)  in  accordance  with  the  requirements  §  III- 1-10  of  POE ,  does 
not  coincide  with  the  data  ct  the  tables  of  the  permissibla  leads,  is 
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permitted  the  use/applicaticn  of  a  conductor  cf  the  nearest  smaller 
section,  but  not  smaller  tnan  this  is  required  during  the 
determination  of  the  pemssitie  lead  frem  (4-15)  and  (4-17),  The 
sections  of  wires  and  cables  rcr  tae  branching  tc  the  engine  with 
short-circuited  rotor  it  all  cases  are  selected  in  accordance  with 
(4-15)  or  (4-17),  in  whicn  the  prolonged  calculated  current  of  line 
is  equal:  for  the  nonexplcsive  locations  -  tc  the  rated  current  of 
engine,  and  for  the  dangerously  axplosive  ones  -  125c/o  of  the  rated 
current  of  angina  by  vcitage  or  up  to  1000V.  The  selected  section  cf 
wire  cr  cable  must  be  checked  cn  (4-16)  cr  (4-18)  §  III-1-7  ty  POE 

for  the  networks/grids,  snieldad  only  frem  shert  circuit. 

In  all  cases  must  ce  provided  reliable  cutoff/disconnection  with 
shielding  apparatuses  tie  single-phase  short  circuit,  which  occurred 
at  the  most  distant  points  cr  netwerk/grid .  This  condition  is 
satisfied,  if  the  multiplicity  ox  current  single-phase  short  circuit 
in  the  networks/grids  ty  dully  grounded  neutral  is  not  less  than  3 
with  respect  to  the  ratec  current  cy  smelting  the  insert  of  safety 
device/fuse  and  the  rated  current  cf  the  release  of  the  automatic 
switch,  which  has  the  conversely  dependant  cn  the  current 
characteristic,  and  is  net  less  t.iK*  with  respect  tc  the  spill 
currant  of  the  automatic  switca,  wnich  has  only  electromagnetic 
ralease  (K,  -  the  coefficient,  weien  calculates  the  spread  of  the 
characteristics  of  release  cn  the  casis  cf  the  data  of  plant). 
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For  the  n^t  vorks/gnds,  cud  in  the  dangerously  explosive 
locations,  the  peraissibla  auiciplicitiss  of  current  short  circuit 
increase  to  value  of  4  witn  respect  to  the  rated  currant  by  saelting 
the  insert  of  safety  device/fuse  and  to  6  with  respect  to  the  rated 
current  of  the  release  of  autoaatic  switch  with  the  conversely 
depending  on  the  current  characteristic. 
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Table  4-50.  Niniaua  nultiplxcitxes  of  the  petiissible  current  loads 
cn  the  wires  and  the  cables  wxtn  respect  to  the  rated  currants,  the 
oickup  currents  or  the  currents  cr  the  setting  c t  shielding 


apparatuses. 
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jaxannoro  a  mu  para 
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(nya.  »  hm-jo) 
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no  rcnaroMM  rip-ure- 

pMCTHRSM  mn.iHUHfl 


.  ;  (U 
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(fVloMHHa^bHbia  TOK  rl.TaBKOB  9CT3B- 

m  npejoxpauHTejielt . 

(^ok  ycraeKB  aBTOMaTinecxoro 
BbutnunaTejiB,  Hiiciomero  Taibito 
lOKCBMa.ibHbift  MrHoaeMHO  jeftcTsyto- 
uuft  pacuenHTB.ib . 


lyVfowiHaabHbiM  row  pacnennic.ii« 
arromaTHMCCKoro  BbHUiionaTejiH  c  He* 
peryjmpyewoft  oCrutho  mbhchvo# 
or  roxa  xapaKTepHCTHKoS  (hc3hbh- 
CHMO  OT  Ha.IHHHH  BJ1H  OTCyTCTBHH 
OTCeHKH) . .  .  •  •  • 


roK  rporaHHH  pacaemrre.nl  aero* 
MannecKoro  BMK.mo<raTe.ni  c  pery- 
.iHpyeMoft  ofipaTHO  mbhchvoS  ot 
TOIU  XapBRTepHCTHXOa  (npK  HinBIHH 
mb  BBroMannecxoM  BwiuiioMaTe.ee 
orceMRH  icpaTHOCT*  too  «  »e  or- 
pBHHMHBaeTCH) . .  .  .  .  . 


1,25 


l  ,25 


1.0 
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,  a  V  £ 

11311 

2  u  x  Z  J* 
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1,0 


1.0 


,  ?- 
Iftis 

!J 


H  >* 
V  & 
U  ? 


1,0 


1.0 


1.0 


0.8 


0,33 


0.22 


1,0 


0.66 


Key:  (1).  Multiplicity  cl  the  peruissible  prolonged  currents.  (2). 

Ns t wo r Ks/grids ,  for  which  cverlcad  protection  is  necessary.  (3). 
Value  cf  current  of  shielding  apparatus.  (4).  Conductors  with  rubber 
and  analogous  in  thermax  cnaracterxst ics  insulation.  (5).  Explcsicn- 
and  flaninabls  locations,  aatitacle,  comaercial  locations,  etc.  (6). 


i. 

ft 
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Nonexplosion  and  fireprcci  production  locaticns  of  industrial 
enterprises.  (7)  .  Cables  him  paper  insulaticn.  (8)  .  Networks/grids, 
which  do  not  require  overload  protection.  (9).  Fated  current  by 
smelting  insert  of  safety  devices/ ruses .  (1C).  Current  of  setting  of 

automatic  switch,  which  has  crly  maximum  instantly  operating  release. 
(11).  Fated  current  of  release  cf  automatic  switch  with  fixed 
conversely  dependent  on  current  cnaracte ristic  (independent  cf 
presence  cr  absence  cf  cttctf).  (1<).  Pickup  current  of  release  cf 
automatic  switch  with  adjustacle  conversely  dependent  on  current 
characteristic  (when,  cn  automatic  switch,  cutoff  is  present, 
multiplicity  of  its  current  is  net  limited) . 

Page  120. 

For  the  net  works/grids,  snialded  only  frem  the  currents  short 
circuit,  the  overestimate  of  the  currents  of  the  fuse  links  cf  safety 
devices/fuses  and  settinys  cf  the  releases  of  automatic  machines  in 
comparison  with  the  values,  regulated  in  Table  4-50,  is 
allcwed/assumed  in  the  recessarj  cases,  for  example  fer  the  reliable 
tuning  out  from  the  currents  cf  the  self-start  cf  engines,  when  the 
multiplicity  of  current  saert  circuit  has  a  value  net  less  than  5 
with  respect  to  the  ratsc  current  cy  smelting  the  insert  of  safety 
device/fuse  and  not  less  than  1.5  with  respect  to  the  spill  current 
cf  the  electromagnetic  release  cf  automatic  machine. 
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Checking  the  conditions  fci  tne  reliable  functioning  of 
protectors  with  the  sheet  circuit  is  given  in  Section  7. 

The  sections  of  wires  and  caoles  of  line  by  voltage  above  1000V 
according  to  the  conditions  of  heating  are  determined  on  the 
prolonged  calculated  ccrxants  according  to  (4-15)  or  (4-17). 

Example  4-4.  Trunk  line  of  tne  power  network/gtid  380/220V  of 
industrial  enterprise  it  supplies  the  group  cf  engines.  Line  is  made 
by  armored  triple-core  caole  with  the  aluminui  veins/strands  and 
rubber  insulation  and  runs  itself  in  the  location  with  the 
temperature  of  surrounding  air  cf  ♦25°C.  Prolonged  calculated  current 
cf  line  100  and  also  short-term  current  with  the  self-start  cf 
enqines  500  A.  Conditions  of  tae  self-start  of  electric  motors  the 
lungs. 


To  determine  the  rated  current  of  the  fuse  links,  which  shield 
the  line  of  safety  devices/ fuses  cf  the  type  EN-2,  and  to  select  the 
section  cf  cable  under  the  feliewing  conditions: 

1.  Line  passes  to  ncnexplosive  and  fireproof  production  location 


and  it  must  be  shielded  frea  the  overloading 
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2.  Line  passes  to  flammable  iccation  and  it  must  be  shielded 
from  overloading. 

3.  Line  oust  be  shielded  cnly  from  short  circuit. 

Solution,  We  determine  tne  value  of  the  rated  current  of  the 
fuse  links,  which  shield  the  line  cf  safety  de vices/f uses,  according 
tc  the  condition  cf  prolonged  current  from  (4-5): 

/.>ioo  A 

ar.d  according  to  the  condition  cf  short-term  current  from  (4-8): 

500 

./»  5*  2  5  **  200  A  « 

Decisive  when  selecting  or  tae  fuse  links  proves  to  be 
cvershcoting  with  the  self-start  ox  electric  motors.  We  stop  on  the 
safety  devices/fuses  of  tae  type  1M-2-250/II  with  the  fuse  links  to 
rated  current  200  and  (sea  Table  4-36). 


For  the  selection  of  the  section  of  catle  we  use  simplified 
formulas  (4-17)  and  (4-16),  since  the  conditicns  of  its  separator  are 
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normal  (temperature  cf  surrcunaing  air  of  +25cC) . 

The  permissible  lead  on  me  cable  according  to  tha  condition  cf 
heating  by  prolonged  calculated  currant  is  determined  from  (4-17): 

/..»>ioo  A 

also,  according  to  conformity  ccndition  for  the  secticn  of  cable  by 
smelting  to  tha  insert  cf  the  safety  device/fese  free  (4-18),  in 
which  the  values  cf  coeificient  k.  for  each  cf  the  versions  in 
question  will  be  different. 

^aqe  iaJ- 

1.  For  india-rubber  cable,  shielded  from  overloading  and  passing 
in  nonex plosi ve  and  fireproof  place,  from *£a tie  4-50 

K,- 1,0. 

The  permissible  cccstant  lead  on  the  cable  is  determined  on 
(4-18); 


-200-200  A. 

On  f.  ble  4-4  we  select  for  triple-core  cable  with  the  aluminum 
veins/strands  ar.d  the  rubber  insulation  with  the  separator  in  the  air 
section  120  mm2  for  which  ere  permissible  lead  is  equal  to  2C0  A. 
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2.  For  cable,  which  passes  in  flammable  lccation  and  shielded 
from  overloading,  analogously  we  will  obtain: 

/-.*> •  200—  250  A. 

The  section  of  cable  we  take  as  tha  equal  tc  150  ran2;  the 
permissible  constant  lead  for  it  is  equal  tc  235  A.  »e  use  indication 
PUE  about  that  which  during  cnecning  of  the  conformity  of  the 
sections  of  wires  and  cables  tc  rhe  characteristic  of  shielding 
apparatus  is  allawed/assuaed  rc  select  the  conductors  of  the  nearest 
smallar  section  how  it  is  required  on  the  calculated  current. 

3.  For  cable,  shielded  only  from  shert  circuit,  we  will  obtain 

K.-0.33; 

/■•■“0.33- 200—66  k. 

In  this  case  the  section  cr  cable  50  mm2  is  determined  by  the 
condition  of  heating  by  prolonged  current  (permissible  load  110  A). 

Example  4-5.  Fig.  4-1  depicts  the  schematic  of  the  section  of 
the  power  network/grid  ct  industrial  enterprise  voltage  380/220V. 

From  the  busbars  of  the  distrarutmg  frame  obtains  feed  the  power 
assembly  with  the  automatic  switches,  to  which  are  connected  six 
asynchronous  engirds  witn  snort-circuited  rotor.  Electric  meters  3 
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and  4  are  established/installed  in  the  dangerously  explosive  location 
cf  class  Via,  remaining  engines,  distribution  points  and 
starting/launching  squipnent  -  an  the  locations  vith  the  normal 
medium . 
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Pig.  4-1,  Schematic  cf  netwoxx/gxia  for  example  4-5.  1  -  busbar 
38 C/2 20V  of  the  distributing  frame;  2  -  automatic  switch  of  the  type 
AV-4S;  3  -  busbar  of  the  distributive  power  pcint/item  of  series  PR 
9000;  4  -  automatic  svitca  cf  the  type  A  3124;  5  -  push-on  starter  of 
the  type  pnv-34;  6  -  magnetic  starter  of  the  type  Pa;  7  -  dangerously 
explosive  location. 

Page  122. 


Technical  specifications  of  engines  are  shown  in  Table  4-51.  Engine 
power  rating  excludes  the  possibility  of  the  prolonged  overloadings ; 
the  condition  for  their  launching/ starting  acderate/mild,  possibility 
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of  the  self-start  of  large  power  actors  it  is  excluded. 

One  of  engines  1  cr  2  is  always  located  in  the  reserve; 
remaining  engines  can  wcrx  simultaneously. 

Trunk  line  from  the  distributing  frame  tc  the  pcver  point/itea 
is  shielded  by  a  selectiva  autcaatic  switch  cf  the  type  AV-4S  to  500V 
and  400  and  with  the  maximum  releases  with  the  conversely  dependent 
on  the  current  characteristic  aid  the  cutoff  with  time  element  of  0.6 
s.  Lines  from  the  power  pcint/item  to  the  electric  actors  are 
shielded  by  the  established/installed  in  the  cabinet  cf  the  type 
FR9262-137  automatic  switches  cl  the  type  A3124  tc  500V  and  100^ 
with  the  combined  releases. 

Trunk  line  from  the  districting  frame  tc  the  power  point/item 
is  made  by  triple-core  caole  with  the  paper  icsulaticn  cf  brand  AABG, 
lines  to  the  electric  actors  -  ty  a  rubber-ccvered  wire  APBTC  and 
(for  the  dangerously  explosive  location)  PRTC  in  the  steel  tubes. 
Entire  wiring  passes  tc  locations  with  the  temperature  of  air  of 
♦  2  5°C . 


Xt  is  necessary  t?  neteisice  the  rated  currents  cf  the  releases 
cf  autcaatic  switches  ara  to  select  the  secticns  of  wires  and  cable 
from  the  condition  fcr  heating  ana  conformity  tc  the  currents  of  the 
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releases  of  automatic  switches. 

Solution,  sinca  the  temperature  of  air  ic  the  location  is  squal 
to  *2S°Z,  then  correction  iactcr  Af»“f  and  when  selecting  of  the 
sections  of  wires  and  caties  in  tne  condition  of  heating  one  should 
te  guided  (4-17)  and  (4-19). 

Line  to  electric  meter  1.  he  select  the  combined  ralease  of 
automatic  switch  A3124  according  to  the  condition  of  the  prolonged 
currant  of  line,  equal  in  this  case  to  the  rated  current  of  electric 
motor  1  (see  Table  4-5  1). 

According  to  note  fcy  2  to^abie  4-42  when  selecting  of  the 
release,  built  in  the  closed  cabinet  of  automatic  switch,  it  is 
necessary  to  consider  ccrrecticr  factor  cn  the  order  of  0.85.  Talcing 
into  account  the  aforesaid,  we  select  the  release  of  automatic  switch 
acccrding  to  the  condition  cf  tne  prolonged  current  of  line  free  the 
relationship/ratio 


73.1 

,m*  55  ~ ols 


86  A. 


On 


”table 


4-42  we  select  tee  combined  release  with  rated  current 


lOO^and  also  by  the  current  cf  instantaneous  functioning  800  A 
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)/e  check  possibility  of  the  false  response  cf  automatic  switch 
during  launching/start ire  of  engine  1  cn  (4-13): 

/„.>  1^5- 432-540;  80C  ft  >540  A. 

According  to  indications  ct  EOE  for  the  lines  to  the  electric 
motor  in  the  nonexplcsive  location  the  secticr  is  selected  on  the 
rated  current  of  engine  from  (4-17)  with  the  suhseguent  checking  cn 
(4-18) ,  on  the  basis  of  taa  condition  of  circuit  protection  cnly  from 
short  circuit. 

Computed  value  cf  the  permissible  current  of  line  is  equal  to: 

/..«<73,l  a 


Page  123. 

On  ^"able  4-2  we  select  three-strand  wire  with  the  aluminum 
veins/strands  of  brand  AEflTC  ty  section  35  am*  for  which  the 
permissible  lead  is  equal  to  75  A. 

Ve  check  the  confcraity  or  the  selected  section  cf  wire  to  the 


apparatus  of  current  protection.  Since  the  automatic  switches  of 
series  A31Q0  do  not  have  current  control  of  setting,  the  multiplicity 
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of  the  permissible  current  cf  line  must  he  determined  with  respect  to 
the  rated  current  of  release,  ecual  in  cur  case  /,-ioo  a.  Through 
'table  4-50  we  find  value  K*  rcr  the  networks,  which  do  net  reguire 
overload  protection  for  tna  rated  current  of  the  release  of  automatic 
switch  with  the  fixed  ccrversely  dependect  cn  the  current 
characteristic: 

After  substituting  numerical  values  in  relationship/rat ic 
(4-18)  : 

7S  «<t  ■  t00«>  100  tfc 

Key :  (1)  .  A. 

we  see  that  the  reguired  condition  is  not  satisfied. 

»e  stop  in  the  section  or  wire  50  mnz,  fer  which  condition 
(4-18)  is  satisfied: 

1 05  ^o>  100  5 

Key:  ( 1)  .  A. 

For  the  remaining  lines  the  results  of  calculation  are  given  in 
Table  4-52  or  are  given  tele*  the  explanations,  connected  with  the 
special  features/peculiarities  cf  each  of  them. 


Lines  to  electric  meter  J.  line  to  electric  motcr  3  has  the 
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following  special  features/p ecuiiarities.  Engine  3  is 
established/installed  in  the  dangerously  explosive  location  of  class 
VMa,  in  connection  wit!  which: 

1)  for  the  calculated  current  when  selecting  of  the  section  of 
line  is  accepted  the  rated  current  of  engine,  increased  1.25  tines; 

2)  in  the  dangerously  explosive  location  of  class  Via  is  not 
permitted  the  use/applicaticn  or  wires  and  cables  with  the  aluminum 
veins/strands,  consequently  line  from  the  magnetic  starter  to  the 
electric  motor  must  te  pertoried  by  wire  with  the  copper 
veins/strands  (brand  PE1C). 

Line  to  electric  nctcr  4.  The  section  of  wire  FHTO  from  the 
magnetic  starter  to  engine  4  is  accepted  by  the  equal  to  2.5  am2, 
since  smaller  section  fcr  the  power  networks  in  the  dangerously 
explosive  locations  is  net  allc wed/assuraed  (see  Table  1-10). 
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Tabla  4-51.  Technical  specif icaticns  of  electric  motors  on  example 
4-5. 


TM 

MoaiHocrb. 

[  »« 

Hom/h^AhuS 

TOW.  * 

T-^5 — 

Kp*THOtTk  ay- 
csoaoro  roaa 

^f«/cBOt 
toc.  a 

A2-81-4 

40 

73.1 

5.9 

432 

A2-8M 

40 

73,1 

5.9 

432 

MA-145-2/6 

34 

69 

6.5 

448 

MAH2-2/8 

4 

10.5 

5 

52.5 

A02-4I-4 

4 

7.7 

5.7 

43,8 

A02-4I-4 

4 

7.7 

5.7 

43.8 

Key:  (1).  Type.  (2).  Nominal  power,  kw.  (3).  Bated  current,  A.  (4). 
Multiplicity  of  starting  current.  (5).  Starting  current,  A. 

Page  124. 

Line  to  electric  actors  5  and  6.  The  calculated  current  of  line 
is  determined  by  the  sum  of  the  currents  of  engines  5  and  6. 

Trunk  line.  The  prolonged  calculated  current  lead  of  line 
according  to  the  condition  cf  at  example  is  determined  by  the  sum  cf 
the  currents  of  all  electric  motors,  with  exception  of  current  of  cne 
cf  electric  motors  1  or  2: 

/*«-73,H-69-H0,5+2-7t7«168  A. 

Short-term  current  lead  is  determined  on  (4-9)  from  the 
condition  of  launching/startiog  engine  3,  which  has  the  jerk/impulse 
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of  starting  current  greatest: 

/„— M8+  73.1  + 10,5  +  2  -7,7-547 

We  select  the  electromagnetic  release  of  automatic  switch  AV-4S 
according  to  the  condition  cf  ohe  prolonged  current  cf  line  from 
(4-12)  : 


On  table  4-41  we  select  maximum  release  with  the  rated  current 
200  A .  The  setting  of  still  current  we  accept  on  the  scale  of 
dependent  on  the  current  characteristic  250dard  also  on  the  scale  cf 
the  net  dependent  on  the  current  characteristic  (cutcff  with  time 
element)  of  1600  A. 

we  check  th9  im possaoilit*  of  the  falsa  response  of  automatic 
switch  during  launching/stai tine  cf  electric  motcr  3  on  (4-13): 

I  600>l,2S  547  -  682  A- 

We  determine  the  tabular  value  of  the  permissible  prolonged 
current  for  the  cable: 
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A. 

On  "(able  4-14  we  select  triple-core  cable  with  the  aluminum 
veins/strands  to  3  k. V  by  section  35  mm2  for  which  the  permissible 
load  is  equal  to  190  A. 

Be  check  the  conformity  of  the  selected  section  cf  cable  to  the 
apparatus  of  current  protection.  Since  the  automatic  switches  of 
series  AB  have  current  control  cf  setting  on  the  scale  of  the 
conversely  depandent  on  tne  current  characteristic,  the  multiplicity 
of  the  permissible  current  cf  lire  must  he  determined  with  respect  to 
spill  current  of  release  in  this  part  of  the  characteristic,  equal  in 
our  case  r,-250  a.  Through  'Cable  4-50  we  find  value  K.i  for  the 
networks,  which  do  net  require  overload  protection,  for  the  spill 
current  of  the  release  ct  automatic  switch  with  the  adjustable 
conversely  dependent  on  tne  current  characteristic: 

K,«  0,66. 

After  substituting  numerical  values  in  (4-18): 

I90>0,66-2S0-I65 

let  us  find  that  the  required  condition  is  satisfied. 

Table  4-53-4-55  gives  the  permissible  leads  and  the  limiting 
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values  of  the  rated  currents  cf  the  fuse  links  c£  safety 
devices/fuses  and  rated  currents  cf  the  theraal  and  combined  releases 
of  the  automatic  switches  cf  series  A31QC  fcr  the  wires  and  the 
cables  for  the  voltage  cf  up  tc  1000V  with  the  aluminum  veins/strands 
with  the  separator  opened  in  the  air  or  in  the  tubes  during  the 
continuous  duty.  Table  4-5o  snows  ror  the  saae  wires  and  conditions 
cf  separator  the  parmissinie  leads  during  the  intermittent  duty. 
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Table  4-52.  Table  for  tne  selection  of  releases  and  sections  cf  wires 


and  cables  from  example  4-5. 


(O 

HanUMOMBM  JIMMj 

(XI 

PftCUTMMi  TOji 

4AUMM.  0 

HoMBIMJAMftti 

TO  it  pacueui- 

T Ml,  0 

yc^iUa  tom 

MTUOMMUOTO 

cpdOarkioaHM 

pacuenuTenu. 

a 

JLoay^AiMaf 

TOKOAAJI  HA* 
rpy3xa  mi 
OpOOOA  (KA- 
OtJk).  a 

„  (li) 

(fc> 

a 

4 

a 

«t 

& 

a 

a 

yv 

it 

81 5 

5l 

&  C 

«  a 

m 

a 

2 

tt 

T 

U 

«3 

a. 

(«> 

a 

a 

P 

01 

x 

* 

& 

3 

lie) 

a 

s 

3 

X 

a 

nry 

9 

*• 

■ 

X 

a 
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a 

u 

W  i 

s 

3 

1  S' 

i  «• 

MApKA  «  CeMCHHC 
apOAOAA  (Katie**). 

MM1 

K  iuKTpoaBiiraTe.iio  1 . 

73, t 

432 

86 

100 

540 

800 

1 

100 

105 

ATIPTO  3X50 

K  *S»rpoABaraTMio  2 . 

73.1 

432 

86 

100 

540 

800 

1 

100 

105 

A11PTO  3X50 

K  aMxTpoABHraTe.no  3: 

0*1  1)  ot  CH.noBoro  nymcra  ao  ny- 

1 

AflPTO  3X50 

CX3Te.il! . 

69 

448 

81.5 

100 

560 

800 

1 

100 

105 

21ot  nycKATtiA  ao  ABHraTtnB 
K  AjWicTpOABiiraTe.iia  4: 

(j^l)  CH-iowro  nyHKTa  ao  ny- 

86.3 

— 

— 

— 

— 

— 

1 

100 

100 

nPTO  3X35 

15 

AJIPTO  3X2.5 

cxarejix . 

10,5 

52.5 

12.4 

15 

66 

430 

1 

16 

ot  nycxaTen*  AOiWiraTejiB 

K  SRerffWABHrartnwii  Ji  5  .  .  . 
.MjSJcrpa.ifc . 

13.1 

— 

— 

— 

— 

1 

15  1 

21 

nPTO  3X2.5 

15,4 

87,6 

18 

20 

110 

430 

1 

20 

23 

AnPTO  3X4 

168 

547 

168 

200 

682 

1  600 

0.66 

168 

1 

190 

1 

AA5f  3X35 

Kay:  (1).  Designation  ct  lines.  (2).  Calculated  current  of  line,  A. 
(3).  Rated  current  of  release,  A.  (4).  Setting  of  currant  cf 
instantaneous  functioning  ct  release,  A.  (5).  Permissible  current 
load  on  wire  (cable),  A.  (fa),  prolonged.  (7).  short-term.  (8). 
calculated.  (9).  accepted.  (10).  calculated.  (11)  .  accepted.  (12). 
actual.  (13).  Brand  anc  section  cf  wire  (cable),  mm2.  (14).  Tc 
electric  motor.  (15).  ftca  power  pcint/item  tc  starter.  (16).  from 
starter  to  engine.  (16a).  and.  (17).  main  lire. 
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Table  4-53.  The  maximua  rated  currents  of  the  fuse  links  of 


inertia-free  safety  devicas/fuses  and  the  periissible  constant  leads 
for  the  wires  and  the  cafclss  wata  the  aluninua  veins/strands  in  the 
production  nonexplosior.  and  fireproof  locations,  in  which  is  required 
circuit  protection  fron  the  overloading. 


J~f)  Or.  para*  gpMnjiil 


njwwiu  •  rpyfla* 


(»1 

1 

i 

* 

<3 

*np 

\npr 

/TIP. 

AHPr 

^Hpr. 

ABPr 

AAf.  AABP 

APPTO.  AHPr.  A»pr 

_  _  /Cv 

u  fro 

HurpyiKa. 

•CT-»- 

k  ii.  a 

mg 

mm 

IBM 

w*&m 

warn 

HB21 

1ST 

ACTU- 

ki.  a 

|n 

7^ 

To*  acrjtNH. 

(<•> 

OAHOMUUlIkMMe 

ifj 

J 

M  v 

53 

KL 

1 

3 

i«  2 

1 

1 

©14 

3 

z 

*  S 

u 

<5>; 

3 
'  A 

J5 

5* 

■ 

H  i 

S.S 

^3 

3  3 

X  3 

O  4 

ii 

iV» 

§3 

z* 

5.* 

* 

a  AO'1 

f: 

a  * 

2|5 

«3a 

TF3T- 

H 

3 

!*1£ 

X  s.3 

O  f  3 

§§ 

3 

3 
’  A 

25 

2.5 

24 

23 

25 

21 

19 

20 

23 

22 

25 

20 

19 

20 

19 

16 

20 

* 

15 

4 

32 

31 

30 

29 

27 

30 

31 

29 

28 

28 

30 

25 

21 

25 

20 

6 

39 

38 

40 

38 

32 

40 

30 

42 

35 

36 

32 

30 

31 

26 

Bw 

25 

10 

55 

60 

60 

55 

42 

50 

KH 

55 

46 

50 

47 

50 

42 

39 

4 

MM 

16 

80 

75 

80 

70 

60 

75 

60 

60 

60 

60 

60 

62 

54 

6 

M 

25 

105 

■UJ 

100 

90 

75 

100 

80 

80 

85 

80 

80 

77 

65 

8 

0 

M 

■Ell 

130 

120 

105 

90 

100 

115 

95 

E31 

95 

100 

96 

77 

50 

165 

165 

200 

135 

110 

140 

120 

150 

120 

130 

150 

123 

104 

IFil 

■[>>] 

U!l 

210 

210 

200 

165 

140 

175 

155 

ehh 

150 

175 

165 

200 

150 

135 

95 

255 

250 

200 

170 

210 

190 

215 

200 

189 

166 

[nil 

295 

mt 

245 

220 

250 

245 

228 

192 

150 

340 

350 

290 

255 

till 

275 

255 

250 

. 

. 

185 

»VM 

BJ 

— 

290 

— 

r 

-  .. 
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Tabla  4-54.  The  maximum  rated  currents  of  the  fuse  links  of 
inertia-free  safety  de vicas/f uses  and  the  permissible  constant  loads 
for  the  wires  and  the  cables  with  the  aluminum  veins/strands  (voltage 
of  uo  to  1000V)  in  the  explcsicr-  and  flammable  locations  and  in  the 
networks  of  the  non- prca cctacn  locations,  in  which  is  required 


overload  protection. 


(D  OTMpMTtt*  apOKJU4K« 

fl)  npo.Jl.juu  ■  rpyOu 

a  np 

AHPr 

Anp 

AHPr 

AHPr.  ABPr 

Air. 

AASr 

AnpTo.  AHPr.  ABpr 

_ S\ _ - _ 

(i) 

Hi^pyjK.. 

“rST 

•cra»* 

ST 

Harpyiaa. 

Ton 

w 

Harpyaaa. 

I  Tq*  ^TU* 

(JO 

Harpy  HI, 

vs 

■cTa** 

Karflvsxi.  a 

Tc^nKTaiKii.  a 

* 

* 

*  ! 

KH.  a 

t 

I 

km.  a 

a 

Kli 

.  a 

* 

1 

a.  a 

X 

£  1 

■ 

a 

a 

d 

(tj 

OAMbWlUlbHMe 

Os 

.  X 

H  J 

1 

(OS 

X 

•  -8 
U 

*•  X 

©s 

X 
•  J> 

$x  1 

<f>§ 

12 

r* 

X 

•  *  i 
:  *t  X  j 

'  A 

S3 

H* 

s 

2L^ 

mx 

*  X 

$s 

a 

if 

H  X 

H 

“77*7 

53 
o  2 

»-  X 

"£PT 

-  i 

■65 

|5f 

*  o  X 

Cut,  | 

si| 

3ii  | 

1^1 

S 

ZZk 

§** 

©j  1 
z 

•  a 

m  5  | 

**  1 

M  * 

H  X 

2.5 

24 

23 

20 

21 

19 

15 

23 

22 

20 

20 

19 

15 

19 

16 

15 

4 

32 

31 

25 

29 

27 

31 

29 

30 

28 

28 

25 

25 

21 

20 

6 

39 

38 

30 

33 

32 

HI 

1  25 

42 

35 

40 

36 

32 

25 

31 

26 

25 

10 

55 

Kl 

50 

55 

42 

40 

55 

46 

50 

50 

47 

40 

42 

39 

30 

16 

Bl 

60 

70 

El 

50 

75 

60 

80 

60 

60 

60 

50 

62 

54 

50 

25 

■El 

80 

90 

75 

60 

IEJ 

80 

100 

60 

85 

80 

60 

77 

65 

60 

50 

35 

130  ! 

IE1 

Hob 

105 

90 

80 

115  ! 

95 

120 

100 

■Ell 

95 

80 

96 

77 

80 

60 

50 

n>5  1 

165 

150 

135 

110 

uo 

120 

150 

120 

1  uo 

130 

too 

123 

104 

100 

80 

70 

euli 

210 

200 

165 

UO 

120 

175 

155 

200 

150 

175 

165 

150 

150 

125 

es 

255 

200 

200 

170 

150 

210 

190 

200 

215 

200 

150 

189 

166 

120 

295 

193 

250 

200 

200 

1  150 

245 

220 

250 

245 

220 

200 

228 

192 

150 

340 

340 

300 

235 

255 

300  |  250 

275 

255 

200 

— 

— 

185 

390 

393 

300 

|  310 

270 

250 

. 

— 

290 

300 

— 

~ 

1 

— 

— 

Key:  (1).  Surface  work.  (2).  Separator  ir  tubes.  (3).  Section,  mm2. 


(4).  Load,  k.  (5).  Current  c t  insert,  &.  (6).  single-cable.  (7). 
twin-cored.  (8).  three-strand.  (8).  two  single-cable.  (10).  three 
single-cable.  (11).  twc  ana  tnree  single-cable.  (12).  one  twin-cored. 
|  (13).  one  three- strand . 

i 


i 
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Table  4-55. 
releases  of 
permissible 


the  raaximui  rated  currents  of  the  thermal  and  combined 
the  automatic  macnines  of  series  £3100  and  the 
constant  leads  fer  the  wires  and  the  cables  with  the 


aluminum  veins/strands  (ncitags  or  up  to  1 C0Q V)  ,  A. 


c 

Hue. 

MM* 

iff)  OrRpurua  npo*jM4iu 

"75 

npOKAaAK.  1  tpyfiii 

*np  |  A«pr 

\np.  AHpr 

_ 

AtlPf. 

Aopr 

aaT. 

AAsr 

aiipto.  AHPr.  ABPr  j 

Cxi 

H,rpya« 

is; 

Homh- 

mhjihmwA 

ton  pu*:< 

qenurcHt 

e> 

Harpy J«a 

- - - — 

HOMUH4JM*- 

HUfl  TOK 

pjcuenHTCsa 

K.rpyJK« 

M 

§§ 

&> 

Hurpyjx« 

HoSna.uk- 

tfMX  TO* 
PiCUcnHTeXX 

<<•> 

OAHOXUJfaHUC 

X 

m2 

**  = 

s(« 

9 

X 

El 

-* 

S6> 

c 

X 

U 

«  X 

3 

5. 

H  X 

l 

i  ® 

■ 

5« 

al 

t-  X 

a 

X 

•  1 
a  a 

i m 

S 

^  ftp 

H 

si 

3* 

IT 

23 

If 

3§S 

XoX 

x 

X 

,  X 

* r  »  2 
o  <  z 

7i». 

iL 

sss 

r 

ml 

«t  3 

T5> 

X 

|| 

2.5 

24 

23 

25 

21 

19 

20 

23 

22 

25 

20 

19 

20 

19 

16 

'  20 

15** 

4 

32 

31 

30 

29 

27 

30 

31 

29 

30 

28 

28 

30 

25 

21 

25 

20 

6 

39 

33 

38 

32 

40 

30 

42 

35 

40 

36 

32 

30 

31 

26 

30 

25 

10 

55 

60 

60 

55 

42 

60 

40 

55 

46 

50 

50 

47 

50 

42 

39 

40 

16 

80 

75 

85 

70 

70 

60 

75 

60 

85 

60 

60 

60 

60 

62 

54 

60 

25 

105 

105 

90 

75 

85 

too 

80 

too 

85 

85 

80 

85 

77 

65 

70 

35 

130 

130 

UQ 

105 

u 

100 

115 

95 

120 

100 

100 

95 

96 

77 

85 

50 

165 

165 

170 

135 

no 

120 

140 

120 

140 

120 

140 

130 

140 

123 

104 

120 

100 

70 

210 

210 

■ 

165 

(40 

140 

175 

155 

170 

175 

165 

170 

150 

135 

140  ~ 

95 

255 

250 

200 

170 

200 

170 

210 

■ESI 

216 

200 

200 

189 

166 

170 

120 

295 

195 

300 

230 

200 

200 

245 

EH 

250 

245 

200 

250 

228 

192 

200 

150 

340 

340 

350 

270 

235 

250 

290 

255 

275 

256 

250 

... 

165 

390 

395 

400 

310 

270 

300 

— 

vm 

300 

— 

— 

' - 

Key:  (1).  Surface  work.  (2).  Separator  in  tubes.  (3).  section,  mm2. 
(4).  Load.  (5).  Rated  current  of  release.  (6).  single-cable.  (7). 
twin-cored,.  (8).  three-strand.  (9).  two  single-cable.  (10).  three 
'.ngla-cable.  (11).  twe  ana  three  single-cable,  (12).  one  twin-ccred. 


3 


■a»«y 
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Table  4-56.  Permissible  leads  during  intermittent  service  for  the 
vires  and  the  cables  tc  1GQQV  with  the  aluminum  veins/strands,  laid 


in  the  air  opened  or  in  the  tubes*  A, 

j  OlCpMTM  IPOUMK* 

A 


adp.  Ana 


AHPr.  ABPT.  ACPT 


'  c  aj 

npOUMAM  »  W8« 


AJWTO,  AHJ*r.  ABPf,  ACW 


OAMO< 

XMJIkMUS 


oau.  rpc. 

XKAkUUit 


na  «>%  ns  at%  ns  «%  ns  a% 


ns  w% ! ns  25%|ns  «%ino  a%|  ns  «% 


19  19  20  20  19  19  19  19 

27  27  28  28  28  i  28  23  23 

32  32  36  36  32  32 


50  50  47  47  39  39  42  42 

83  105  83  105  I  83  96  I  76  !  108  |  H6 

103  149  t>8  MO  1  111  123 


124  175  138  j  167 

153  245  193 

193  307  2 13 


19  I  16 
25 
31 
42 


331  |  202  |  292 


Key:  (1).  Surface  work.  (2)  .  laying  in  tubes.  (3).  Nominal  section 
mm*.  (4).  single-cable.  (5).  twin-cored.  (6).  three-strand.  (9).  t 
single-cable.  (8).  three  single-cakle.  (5).  four  single-cable.  (10 
cne  single-cable.  (11).  cne  tnree-strand . 
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SELECTION  OF  SECTIONS  CF  wIBES  ANE  CABLES  ON  1BE  PEBNISSIBLE  LOSS  OF 
VOLTAGE. 

5-1.  Active  and  inductive  reactances  of  line. 

The  effective  resistance  of  wires  and  cables  from  the  nonferrous 
metals  is  determined  or  cne  ox  the  following  formulas: 

r*» !  000-|r,  om/km,  '  (5-1) 

1 000  G> 

r  =  OM/KM,  (5-2) 

Key:  ( 1)  .  0/km. 

where  p  -  calculated  specific  resistor/r esistance  of  wire  or  cable 
core,  Q*mm2/m; 

r  -  calculated  specific  conductivity  cf  wire  cr  cable  core,  «/Q«mm2; 

F  -  nominal  section  of  wire  or  cable,  mm2. 


Values  of  specific  xasistcr/issistance  and  specific  conductivity 


DOC  =  30040306 


CAGE  Mf*  . 

for  copper  Mires  and  catlas: 

p« -0,01 89  otfc-  yh— S3  m/om^juP: 

K^y:  (1).  Q»na2/ra.  (2).  a/dna2  ; 


for  aluninua  Mires  and  cades 

p, -0,0315  oJ'IuPIm;  y»— 31,7  x/bx ■  mm*. 
Key:  (1)  .  Q*mm2/a.  (2)  .  a/u«BB2. 


» 


DOC  =  80040306 


PAGf 


“"Table  5-1. 


The  effective  resistance  of  wires  and  cables*  Q/kn. 


f  |S 

Ct.««KC  npoaoju. 
ji«* 

ra - 

Mcjxtfe  npo*oji 

H  «ld*4N 

c.^5 

npoaoAi  u  lafleia 

- rn - 

Ciuunwnmw 

n  porno  AM 

1 

18,0 

1.5 

12,  G 

_ 

_ 

2,5 

7,55 

12.6 

- 

•1 

4,65 

7.90 

' 

6 

3.06 

5,26 

_ 

10 

1,8+ 

3,16 

3,12 

16 

1,20 

1.98 

2,06 

25 

0.74 

1.28 

1,38 

35 

0.5+ 

0,92 

0.85 

50 

0,39 

0.64 

0,65 

70 

0,28 

0.46 

0,46 

05 

0,20 

0.34 

0,33 

120 

0. 158 

0.27 

0,27 

150 

0.123 

0,21 

0,21 

185 

0,103 

0.17  , 

0.17 

2  >0 

0.078 

0.132 

0.132 

300 

0.062 

0,106 

0.I0T 

400 

0.047 

0.06 

0.0® 

Key;  (1).  Section  of  wire,  am2.  (i).  Ccpper  wires  and  cables.  (3) 
Aluminum  wires  and  cables.  (4).  Steel-aluminua  wires. 
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Table  5-2.  Inductive  reactances  cr  aerial  lines,  G/km. 


CpiflMM 
rtoimpt- 
WIM 
P4CCTOH- 
NM  UtMAY 

apoaoaa* 

Ml.  MM 

(i)  CtMKM  apoaojo*.  mm 

6 

10 

16 

23 

19 

SO 

70  | 

9S 

136 

ISO 

185 

|  HiuyKTawo*  coapomueMiM 

(^Mtdutu  npotoda 

m 

a.37t 

0.355 

0,333 

0.319 

0.308 

0.297 

0.283 

0.274 

— 

— 

— 

600 

0.397 

0.381 

0.358 

0.345 

0.336 

0.325 

0.309 

0,300 

0.292 

0.287 

0,280 

800 

0.415 

0.399 

0.377 

0.363 

0.352 

0.341 

0.327 

0.318 

0,310 

0,305 

0.298 

1000 

0,429 

0,413 

0,391 

1  0.377 

0,366 

0,355 

0.341 

0.332 

0,324 

0.319 

0.313 

1  250 

0.443 

0.427 

0,405 

0.391 

0.380 

i  0,369  ! 

0,355 

0.346 

0,338 

0.333 

0,3-27 

11500 

0.438 

0.416 

0,402 

0,391 

0,380 

0.366 

0.357 

0.349 

0.344 

0.338 

2  000 

_ 

0.457 

0.435 

0,421 

0,410 

0,398 

0,385 

0.376 

0,368 

0.363 

0.357 

2500 

_ 

0,449 

0,435 

0,421 

0.413 

0,399 

0.390 

0,392 

0.377 

0.371 

3  000 

— 

— 

0,460 

0.446 

0,435 

0.423  | 

0,410 

0.401 

0.393 

0.388 

0.382 

(s)AAK>Munuttui  npotoda 

600 

__ 

0,358 

0,345 

0,336 

0.325 

0.315 

0.303 

0,297 

0,288 

0.279 

800 

_ 

0.377 

0,363 

0,352 

0.341 

0.331 

0.319 

0,313 

0.305 

0,298 

1  000 

* «. 

__ 

0.391 

0.377 

0.360 

0,355 

0.345 

0,334 

0.327 

0.319 

0.311 

1  250 

__ 

0.405 

0.391 

0.380 

0.369 

0,359 

0,347 

0.341 

0.333 

0.328 

1500 

0.402 

0.391 

0.3»0 

0,370 

0.358 

0.352 

0.344 

0.239 

2000 

— 

— 

— 

0.421 

0.4(0 

0.398 

0.388 

0,377 

0.371 

0.363  • 

0.355 

(U)Cmajiea.iiOMJJHueuie  npotoda 

2000 

_ 

_ 

_ 

1  0,403 

0,392 

0,382 

0.371 

0.365 

0.358 

— 

2  500 

_ 

0,417 

0.406 

0.396 

0.385 

0.379 

0.272 

— 

3000 

— 

— 

— 

— 

I  0,429 

0,418 

0,408 

0.397 

0.391 

0.384 

0.377 

Key:  (1).  Geometrical 

aean  separation,  mu.  (2) .  Section  of  wires. 

nnn2.  (3).  Inductive  reactance.  14) 

.  Copper  wires.  ( 

5) .  Aluminum 

wires.  (6) .  stael-alumirua  wires. 
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Table  5-3.  Activa  and  internal  inductive  reactances  of  aerial  lines. 


made  by  steel  wires,  Q/jia. 


ToJ’v 

a 

[V>  Aktmimm  eonporKMeinu!  | 

(^)BHyrpeHMe*  MMjy  kthbhoc 

coopoTiiueMue 

Inco-i.si  nco-4  j 

1  nco-s 

!  nc-'.'S 

1  nc  is 

1  nc-M 

I  nc-w 

i  nco-s.  s  I  nco-4  I 

nco-s  I 

nc-.»s  | 

1  ncis 

1  nc-so 

1  nc7u 

0,5 

14,9 

11.5 

_ 

_ 

1,04 

0.69 

1 

15,2 

U.8 

— 

5.25 

3.66 

2.75 

1.70 

2.27 

1.54 

_ 

0.54 

0.33 

0,23 

0.16 

1.5 

15.7 

12.3 

7.9 

5.26 

3,66 

2,75 

1.70 

4,24 

2,82 

2.13 

0.55 

0.34 

0.23 

0.16 

2 

16. 1 

12.5 

8,35 

5,27 

3,66 

2.75 

1.70 

6.45 

4.38 

3,58 

0.55 

0,35 

0.24 

0. 17 

3 

17.4 

13,4 

9.5 

5,28 

3.67 

2,75 

1.70 

9.60 

7,90 

6.45 

0.56 

0.36 

0.25 

0.17 

4 

18.5 

14.3 

10,8 

5,30 

3.69 

2.75 

1.70 

11.9 

9,70 

8. 10 

0.59 

0,37  | 

0.25 

0. 18 

5 

20.1 

15,5 

12.3 

5.32 

3.70 

2.75 

1,70 

14.1 

11,5 

9.7 

0.63 

0.40 

0.26 

0,18 

6 

21.4 

16.5 

13.8 

5,35 

3,71 

2,75 

1,70 

16.3 

12.5 

11.2 

0,67 

0.42 

0.27 

0.19 

7 

21.5 

17.3 

15,0 

5.37 

3.73 

2,75 

1.70 

16.5 

13.2 

12.3 

0,70 

0.45 

0.27 

0.19 

8 

21.7 

18,0 

15.4 

5,40 

3.75 

2,76 

1.70 

16,7 

14.2 

13.3 

0,77 

0.48 

0.28 

0.20 

9 

21.8 

18.1 

15.2 

5.45 

3,77 

2.77 

1.70 

16.9 

14,3 

13.1 

0,84 

0.51 

0.29 

0.20 

10 

21.9 

18.1 

14.6 

5,50 

3.80 

2,78 

1,70 

17.1 

14,3 

12.4 

0.93 

0.55 

0,30 

0.21 

15 

20.2 

17.3 

13.6 

5.97 

4.02 

2.80 

1.70 

18.3 

13.3 

11.4 

1.33 

0.75 

0.35 

0.23 

20 

— 

— 

12.7 

6,70 

4,40 

2,85 

1.72 

— 

10.5 

1.63 

1.04 

0.42 

0.25 

25 

— 

— 

— 

6,97 

4.89 

2.95 

1.74 

— 

— 

1,91 

1.32 

0.49 

0.27 

30 

— 

— 

— 

7,10 

5,21 

3.10 

1,77 

— 

—  1 

2.01 

1.56 

0.59 

0.30 

35 

— 

— 

— 

7.10 

5,36 

3,25 

1.79 

— 

— 

2.06 

1.66 

0.69 

0.33 

40 

— 

— 

— 

7.02 

5.35 

3.40 

1,83 

— 

—  1 

•  —  1 

2.09 

1.69 

0.80 

0.37 

45 

— 

— 

— 

6.92 

5.30 

3.52 

1.88 

— 

— 

-m. 

2.08 

1.71 

0.91 

0,41 

50 

— 

— 

— 

6.85 

5,25 

3,61 

1.93 

— 

— 

—  I 

2.07 

1.72 

1.00 

0.45 

60 

— 

— 

— 

6.70 

5.13 

3.69 

2,07 

— 

2.00 

1.70 

1.10 

0.55 

70 

— 

— 

— 

— 

5.00 

3.73 

2,21 

— 

1.64 

1.14 

0.65 

80 

— 

— 

— 

— 

— 

3.70 

2,27 

— 

— 

.  . 

_ 

1.15 

0.70 

90 

— 

— 

■  7  — 

— 

— 

3.68 

2,29 

— - 

— 

1 

_  1 

1.14 

0,72 

100 

— 

— 

— 

— 

2,33 

— 

— 

I 

mmm 

i 

0.73 

125 

— 

— 

— 

— 

— 

— 

2.33 

— 

— 

—  i 

— 

— 

0.73 

Key:  (1).  That  line,  A.  (2).  Effective  resistance.  (3).  Internal 


inductive  reactance. 
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Table  5-5.  External  inductive  reactances  of  aerial  lines  with  th 
steel  wires. 


*ac 


(y~)  Map<4  apoaoao* 


noKfTpi* 
i«cxoc 
Wccto*- 
itcwAy 
apasoaa* 
Ml.  MM 

IlCO-3,5 

nco-4 

nco-s 

nc-a 

nc-3s 

rtc-so 

nc-ro 

Bncttiwe  uMAyKTiiaiioe  conpomMeHae 

X'.  OM/KM 

400 

0.341 

0.332 

0,318 

0.3U 

0.290 

0.281 

— 

600 

0.368 

0.359 

0.345 

0.336 

0,317 

0,308 

0.295 

800 

0.384 

0.375 

0.361 

0.354 

0.333 

0.324 

0.311 

I  000 

0.398 

0.389 

0,375 

0.368 

0.347 

0.338 

0,325 

1  250 

0,403 

0.489 

0.381 

0.361 

0,152 

0.339 

1500 

0.414 

0.400 

0.393 

0.372 

0.363 

0.350 

2000 

— 

■  — 

— 

0.412 

0.391 

0.382 

0.369 

Key:  (1).  Geometrical  irean  set^xation,  am.  (2).  Brand  of  wires. 
External  inductive  reactance  *•,  G/lcs. 
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Table  5-6.  Active  (ohmic)  and  inductive  reactances  cf  the  busbars  cf 
rectangular  cross  section  frca  aluainum  and  ccpper. 


C" 

PUMtpH 

Ol JIM.  MM 

£3.)  AKTRftMoe  (OMMiccuoe)  conpoTRMeHMe  ( 

up*  TRMneprryp*  umhu  *30*C.  omImm 

&lM4yitTilRHOe 

COflpOTMKIfHM* 

npa  paccToa- 
mmh  Medlar 

tieMTp3MH  limtf 
250  mm.  omftM 

(40A«K>MHMircaye  >r:mt» 

(S^MeAHiie  mjuiw 

nocro* 

MMHOM  Tone 

itiii'oepcMeH* 

HOU  TCKe 

nvMxjo 

MHMOM  TO«e 

ftp^TfepeutH- 
>io m  roue 

25X3 

0,410 

0.418 

0.248 

0,263 

0.253 

30X4 

0,256 

0,269 

0.156 

0.175 

0.240 

40X4 

0.192 

0.211 

0. 1 17 

0,138 

0.224 

40X5 

0,154 

0,173 

0.0935 

0,112 

0,222 

50X5 

0.123 

0.110 

0.0749 

0,0913 

0.210 

50X6 

0.102 

0,119 

0.0624 

0.0780 

0.208 

60X6 

0.0855 

0,102 

0,0520 

0.0071 

0.198 

S0x6 

0.0640 

0.0772 

0,0390 

0,0507 

0.182 

100X6 

0.0510 

0.C635 

0,0312 

0,0411 

0.169 

60X8. 

0.0040 

0.0772 

0.0390 

0,0507 

0.196 

80X8 

0.0481 

0.0595 

0.0293 

0,0395 

0.179 

100X8 

0,0385 

0.0188 

0,0234 

0,0321 

0,168 

120X8 

0,0320 

0,0410 

0.0195 

0.0271 

0.156 

80X10 

0,0385 

0.0495 

0.0234 

0,0323 

0,179 

100X10 

0.0308 

0,0398 

0,0187 

0.0260 

0.165 

120X10 

0.0255 

0.0331 

0.0156 

0,0218 

0.156 

Key:  (1).  Sizes/dimensicns  cf  bustars,  ran.  (2).  Active  (ohmic) 
rasistor/resista nca  at  temperature  of  busbar  cf  ♦30°C,  G/km.  (3). 
Inductive  reactance  vita  distance  between  centers  of  busbars  250  mi, 


o 


Q/km.  (4).  Aluminum  bustars.  (5).  Copper  bustars.  (6).  with  direct 
current.  (7)  .  with  altercating  current. 
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Tab la  5- 
with  the 


.  Active  and  inductive  resistor s/rssistances  of  conductors 
aluminum  busbars  of  series  ShM  A  and  Sh  B  A. 


j 

run 

j  COffporiUCRfTF.  OMjWM 

(3)  »TH«NM  | 

|  (*0  nijriHm 

(S) MazuempaAbHttr  mOKOnpotodt* 

UIMA59.I 

0,024  i 

i  0.02 

IU.MA59-2 

0.010  1 

0.02 

1U.MA59-4 

0,010  ! 

!  0.02 

(<,) Pacnpede.iame.nHue  moKonpaeodu 

U1PA60-2 

0,21 

0.18 

U1PAM1-4 

0.13 

0.16 

I1J  PAG0-6 

0.08 

0,11 

Key:  (1).  Type.  (2).  aesistor/r esistance ,  G/ka.  (3).  active.  (4). 
inductive.  (5).  Main-line  conductors.  (6).  Distributive  conductors 
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Cable  5-8.  naxinua  values  os  she  sections  of  visas  and  cables  for 
which  to  admissibly  conduct  calculation  cn  tb€  less  cf  voltage 
without  taking  into  account  inductive  reactance  cf  wires  (for  the  net 
of  alternating  current  with  toe  frequency  cf  50  Hz) . 


HOtmiOCTM 


0.8  0.75 


Note.  M-  copper  wires  ana  cades;  A  -  aluminum  wires  and  cables 


Key:  (1).  Power  factor.  (2).  Material  of  wires.  (3).  Cables  to  1  kV. 
(4).  Cables  6-10  kv.  (5).  Mires  in  tubes.  (6).  Mires  cn  rollers.  >1) 
Mires  on  insulators. 
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Table  5-9.  Values  and  units  are  tne  measurement  of  the  values. 


entering  formulas  (5-6)  aaa  (5-7). 


(D 

CsCTfclM  TO** 

nortj. 

uanpa* 

KCHU1 

AU 

Koa$4>a* 

uaeaTa 

•i 

(a*cjrr*ju>  ■  utJiHMz  <3M*u«M«te*k)  npoaoAoa 
■  UfieAlil  apfl  MOMKUAJUHO*  ue*Uy$*ittO*« 

MBpameMHH.  K< 

EaWkmixm 

■3UCpeHNfl 

1  0.22  I  0.30  0.66 

6  10 

OjuuxtiiaHuA  nepeueHHuA  anu 
ooctowuiuA  tok 

ft 

C V 

2 

r. 

0.0631 

0.0377 

•A 

2 

|  0,00956 

■m 

— 

ZP1 

dim-* 

0.287 

0.166 

0.0957 

— 

— 

1 <u . 

0.171 

0,0992 

0:0571 

2 

10 Wi 

0.0437 

0.0261 

j  0.01  15 
j  0.00865 

i 

i 

— 

Tpcx^Hufl  nepeMCHuufl  tok 

i 

ZI*t 

s> 

a-M 

H 

K3 

r 

0.0545 

0326 

y* 

V~3 

10  yU. 

0,0248 

0,0148 

i 

— 

ZPl 

a> 

< 

1 

0.143 

0,0855 

0.083 

0.0478 

— 

— 

lUm 

0.0496 

0.0286 

1 

0.0653 

0.0219 

0.00725 

— 

1  1  i 

»ot ui 

0.0389 

ImSl 

0,00433 

(£> 

Tptx^aoHuA  ncpeMeHHbiA  tok 

_ 

ZPl 

(/*M 

Ktm-KM 

© 

a 

I  000 

83.0 

47.8 

.5.25 

3.16 

KOI 

49,6 

EQI 

3.14 

1.89 

•/. 

100 

lU'i 

|EEB 

21.9 

13.1 

7.25 

4.33 

0.0875 

0.0523 

0.0316 

0.0189 

Mum- km 

a> 

a 

10* 

— 

— 

— 

5  250 

3  160 

1U. 

3  140 

1  890 

10‘ 

— 

— 

— 

87.5 

31.6  • 

mm 

"52X 

18.9 

OTteTB.ieUHH  OT  4etupcxnpo- 
•OAHOA  4HUUM  TpeZ(pa3MOrO 

toiu: 

f\S)  a)  oj ho <pa 3 hoc 

tpl 

J&M 

•A 

6 

10  lUl 

0.392 

“57233' 

0.131 

0.0786 

— 

— 

— 

[fa  6)  AByx^asHoe 

•A 

2.25 

lOruJ 

0.147 

0575 

0.0493 

0295 

— 

— 

— 

i 
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Not?.  In  the  given  formulas  ace  accepted  the  following 
general/common/total  units  the  measurement:  specific  conductivity  y, 
m/G«.mu2  nominal  interphase  voltage  4..  jc v . 

Key:  (1).  System  of  current.  (2).  Sum  of  lead  moments  on  sections  of 
lines.  (3).  Onits  measurement.  (4).  Loss  of  voltage.  (5).  Value  of 
coefficient.  (6).  Numerical  value  cf  coefficient  ax  for  aluminum 
(numerator)  and  copper  (denominator)  wires  and  cables  with  nominal 
interphase  voltage,  kV.  (7).  Single-phase  alternating  or  direct 
currant,  (8).  A«m.  (9).  in.  (10).  (11).  Three-phase  alternating 

current.  (12).  kW«km.  (13).  HM«ka.  (14).  Branchings  from  four-wire 
line  of  three-phase  current.  (15).  single-phase.  (16).  two-phase. 
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Inductive  reactance  of  three-phase  line  with  the  wires  from  the 
nonferrous  metals  at  the  frequency  of  altercating  current  50  Hz  is 
determined  from  the  formula 


*-0,lU5Jg-j-  +  0.016,  S/kl,  (5-3) 


where  d  -  outer  diameter  cr  wire,  mm; 
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D  -  geometrical  mean  separation  of  line,  computed  froa  the  formula 

O^^DitDitDn,  mm.  (5-4) 

In  (5-4)  Ct  2t  D 2 3  and  C3i  -  separation  it  each  pair  of  the  wires 
cf  three-phase  line,  air. 

Effective  resistance  to  1  km  cf  wire  or  cable  core  are  given  to 
Table  5-1,  inductive  resistors/ resistances  tc  1  kn  cf  line  -  in 
"£able  5-2  and  5-4. 

For  the  steel  wires  active  and  internal  inductive  the 
resistors/resistances  depend  cn  the  taking  place  on  the  wire 
alternating  current  anc  are  determined  in  depending  on  current  on 
"^able  5-3.  External  inductive  reactances  of  aerial  lines,  made  by 
steel  wires,  are  given  in  Table  5-5.  General/ccmmcn/total  inductive 
reactance  of  aerial  lire,  mada  by  steel  wires,  is  defined  as  sum 
external  x*  and  internal  x”  inductive  reactances: 

x*»x'+x'»  fc/xm.  (5-5) 

Active  and  inductive  the  resistor/resistance  of  conductor,  made 
from  aluminum  or  copper  busbars,  are  given  ir  Table  5-6.  Effective 
resistance  exceeds  ohmic  due  tc  the  surface/skin  effect. 


'll* 


For  the  conductors  cf  series  shRA  and  shs  (article  of  the 
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plants  of  Glawelektroncn tazh  p  -  Main  Administration  for 

Installation  of  Electrical  Equipment  cf  Electric  Power  Plants  and 
Substations])  the  values  cr  resistcrs/resistarces  are  given  in  Table 
5-7. 


5-2.  Calculation  of  net vcxk/grid  according  tc  the  permissible  loss  of 
voltage  without  talcing  into  account  inductive  reactance  of  line. 

without  talcing  intc  account  inductive  reactance  cf  line  for  the 
loss  cf  voltage  they  are  designed: 

1)  mains  of  the  direct  current; 

2)  the  line  of  the  ret  cx  alternating  current,  for  which  the 
power  factor  is  equal  tc  1  (ccs  a- 1)  ; 

3)  the  nets,  made  by  wires  within  the  buildings  or  cables,  if 
their  sections  do  not  exceed  the  indicated  in  Table  5-8  values. 

with  the  assigned  section  cf  the  wires  cf  less  contour  cf 


voltage  is  determined  frea  the  fcraula 


DOC  =  30040307 


PAGE 


a'’*/ 


* 


Page  133. 

Sectioa  with  the  assigned  less  of  voltage  is  calculated  froa  the 
for  aula 

F  —  •j'ST’  **''  l5'7) 

where  F  -  a  section  of  wire,  is2;  AO  -  less  cf  voltage  in  the  line, 

\/  or  o/o;  Mm  -  sua  cf  tne  load  aonents,  i.e.,  the  sua  of  the 
products  cf  the  resistive  leads,  transmitted  ty  the  sections  cf  line, 
on  the  lengths  of  these  sections;  at  -  ccefficient,  depending  on  the 
system  of  current  and  accepted  during  the  computations  units 
measurement  for  the  entering  tne  formula  values. 

Values  and  un-its  tne  measurement  of  the  values,  entering  in 
(5-6)  and  (5-7),  are  given  in  lafcle  5-9. 

Example  5-1.  Pig.  5-1  gives  network  cf  air  four-wire  net 
380/220  V.  The  lengths  of  xne  sections  of  net  are  shown  in  the 
diagram  in  the  kilometers,  leads  -  in  the  kilowatts,  factor  cf  power 
cos  <*=1.  To  produce  the  calculation  of  net  tc  tbs  less  of  voltage,  if 
the  permissible  loss  of  voltage  A0*4o/o.  Material  of  the  wires  of  net 


j 
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-  aluainua. 

Solution.  Calculation  is  prcauced  according  to  foraulas  (5-6) 
and  (5-7)  .  we  find  their  Tatlos  5-S  of  value  cf  coefficient  a,  for 
the  loads,  expressed  ic  tne  kilowatts,  the  lengths  of  the  sections  cf 
line  in  the  kilometers  and  tfce  less  of  vcltage  in  the  percentages. 

Onder  these  conditions  he  will  chtain: 

100 

*•-  T uy 

In  our  case  nominal  interphase  line  voltage  l/.- 0,38  kV;  the 
specific  conductivity  cf  aluainua  y=31.7  m/G«am*,  whence  the 
numerical  value  cf  the  ccerficient 

The  numerical  value  cf  coefficient  can  be  directly  obtained 
fromTable  5-9. 
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Fig.  5-1.  Diagram  for  example  5-1. 
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He  determine  values  VI,  far  the  fundamental  main  line  and  the 
branchings : 

iMaAB  =- 38-0.08  +  24-0, 16  +  MO. 12  »  8,56  kmikm;  <>) 

JW.BS-,5  0',2  +  2  014  =  0-88  wh-km-,  <D 
4-0, 12 +  2  0.15  =  0.78  lum-KM.® 

Key:  (1)  kW*km. 


Great  value  *•»  is  cttaicea  in  the  section  AEV: 


Af«.M»«-8,56+0.88-  9.44 


After  substituting  rumencal  values  in  (5-7)  ,  let  us  determine 
the  minimally  permissible  seccicn  cf  line  according  to  the  ccnditicn 
of  the  galleries  of  the  voltage: 

^  =  •1  jjj~2l,9.-j— «•  51,5  mm *. 

He  accept  the  section  cf  phase  conductors  for  the  main  line  AE 
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equal  to: 

/^g-70  ***. 

The  section  of  neutral  conductor  we  take  as  for  the  main  line 
the  equal  to  the  half  the  phase: 

^OAB  —  36  A**. 

We  find  the  loss  cf  voltage  in  the  aaiE  line  AE  through  (5-6)  : 

"  21  ’9‘  1?  “ 

Loss  of  voltage,  permitted  fcr  the  branchings  BV  and  BG, 

«/B  -  4  -  2,68  -  1.32*4. 

Me  deteraine  the  section  of  branching  EV: 

0.88 

21 .9-^3} -14.8  mj# 

and  the  section  cf  branching  tG: 

^-21 .9- £§-12.9  ***. 

According  to  the  condition  of  the  mechanical  strength  (see  Table 
1-11)  we  accept  the  sections  cf  poase  and  neutral  conductors  for  the 
branchings  BV  and  BG  equal  tc  16  ma2. 
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5-3.  Calculation  of  net  according  to  loss  of  voltage  taking  into 
account  inductance  of  lines. 

The  losses  cf  voltage  with  the  assigned  section  of  the  wires  of 
line  taking  into  acccurt  muuctive  reactance  cf  line  with  different 
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coefficients  cf  power  leading  ci  line  it  is  determined  from  the 
formula 

SU~<tt(rM.+xMr);  (5-*) 

with  the  identical  power  factor  fer  all  leads  of  the  line 
AU=nt(r  co»<p  +  x  sin  <p)M,  (5-9) 

where  au  -  a  loss  of  voltage  in  tee  line,  V  cr  o/o;  r  and  x  - 
active  and  inductive  reactances  or  line,  Q/km;  Mm  -  sum  of  the 
women ts/torgues  cf  the  resistive  leads;  M ,  -  sum  of  the 
moments/torgues  of  the  reactiva  load;  M  -  sum  of  the  moments/torques 
of  the  full  loads;  a2  -  coefficient,  depending  cn  the  system  cf  the 
current  and  the  units  accepted  measurement  fer  the  entering  the 
formulas  values. 

Values  a 2  and  units  the  measurement  of  the  values,  entering  in 
(5-8)  and  (5-9),  are  given  in  lafile  5-12. 

The  selection  of  the  section  cf  the  wires  cf  line  in  the 


assigned  magnitude  of  losses  ct  vcltage  taking  into  account  the 
inductance  of  line  is  conducted  as  follows. 
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Table  5-10.  The  standard  deviations  of  voltage  from  the  nominal  on 
the  terminals/grippers  cf  electrical  receivers  with  respect  tc  GOST 
13109-67. 


{>) 

HaHifcHoaoniiJi  j.iexTpoDpiteuifitffOft 

fW 

iXoRycmmie  npe- 
AMU  OTKJIOHeHHff 
uanpuKeiia*  h« 

3SX1IUOX  MC*TpO» 

npaCMNSRCB  OT 
HOMMaJibHoro.  % 

737  ' 

(h) 

3.ieKTpoa8MraTe.m . . 

+  10  ■  —5 

JIimiuj  paGowro  otsemcHiw  npoMutaneHiibix  npeanpmi- 
(VjtiiS  h  ofimccTOciiHWx  jflaimfl,  .iawnu  npowexTOpmix 

<D 

ycraHOBOK  Hnpyxitoro  ocaemeitH*  .  .  •  . . 

+5  Vf2,5 
+5  A-S 

(?)OcTa.1HlklC  3.'tCKTp0nplKUHBKX  . . 

Note.  In  the  after-emergency  modes/conditicns  is  allowed/assumed 
supplementary  decrease  in  the  voltage  on  5o/c. 


Key:  (1).  Designations  cf  alectrical  receivers.  (2).  Permissible 
limits  of  deviation  cf  lead  voltage  of  electrical  receivers  from 
nominal,  o/o.  (3) .  Electric  meters.  (4) .  Tubes  cf  working 
illumination  of  industrial  enterprises  and  public  buildings,  lamp  cf 
searchlight  installations  of  exterior  lighting.  (5) .  Remaining 
electrical  receivers.  (6)  and. 


Tabla  5-11.  Oscillat ions/vifcrations  of  voltage,  permitted  on  the 
terminals/grippers  of  tubes  and  radio  sets  on  GCST  13109-67. 
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(  I)  HmcMO  Ko*e6*nn* 

' NaapflxeHit*  »  5»c 

u )  AeayeriMUt  uniiui 
\f/  Haapuxuia 

Or  HOMItHIMbHOfO.  % 

2 

4 

4 

2.5 

6 

2 

8 

1.75 

10 

1.6 

15 

1.4 

20 

1.3 

30 

t  .2 

50 

1.12 

100 

1.06 

>100 

1.0 

Key:  (1) .  Number  of  cscillaticns/ vibrations  cf  voltage  in  the  hour. 
(2) .  Permissible  values  cf  cscrllation/vibraticn  of  vcltage  from 
nominal,  o/o. 
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Is  determined  the  value  cf  the  calculated  value  cf  the  loss  of 
voltage  according  to  the  formula 

At/,-A(/-a**«,Af„  (5-10) 

where  AU  -  the  permissible  less  cf  voltage  in  the  line,  V  cr  o/c ; 
m,  -  maximum  value  of  the  sum  cr  the  moments/tergues  cf  reactive  lead 
for  the  designed  line;  *.»  -  average/mean  inductive  reactance  cf  line, 
Q/km. 


The  values  of  averags/mean  inductive  reactances  of  line  are 


given  in  Table  5-13 
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Subsequently  the  calculation  is  conducted  cn  (5-6)  and  (5-7). 

According  to  the  termination  cf  calculation  the  magnitude  of 
losses  of  voltag-?  in  the  line  is  acre  precisely  formulated  cn  (5-8) 
or  (5-9)  , 

Example  5-2.  Fig.  5-2  gives  network  of  air  three-phase  line  6 
kv.  assistive  loads  in  tha  megawatts  in  the  diagram  are  shewn  in  the 
numerators  of  fractions,  reactive  load  in  the  mega-pitches/mega-vars 
-  in  their  denominators,  tna  lengths  of  lines  -  in  the  kilometers. 
Power  factor  for  all  leads  of  net  is  identical  and  equal  to  0.85.  Tc 
produce  the  calculation  cf  line  to  the  loss  cf  voltage  taking  into 
account  the  inductance  cl  wires,  Material  cf  wires  -  aluminum.  Medium 
separation  b7*-T  250  m  a  -  Permissible  less  of  vcltace  A0=6.5o/c. 

Solution.  We  determine  the  mcments/torques  of  the  active  and 
reactive  lead  of  the  sections  cf  the  line: 


—T V 

OfcwwMM  y nurrwt 

mil 

( 

Mr  *•»•»» 

- m - 

Mr.  Mtaf-ta 

AG 

0.983-2..  t. 97 

0,611-2-1,222 

SB 

0.085.9-0,765 

0.053-9=0.477 

sr 

0.27-4—1,08 

0,168-4=0.672 

BJt 

0, 153-5.0,92 

0.095-5=0,57 

Key:  (1).  Designations  cf  the  section  of  line.  (2).  8W»km.  (3). 


Mvar»  km 
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From  Table  5-  1 2 


a*— 2,78  l/kV1. 


From  Table  5-13 


Cljk  m 


Maximum  value  M,  (rcr  the  section  of  line  AEG) 


MrW-  1.222  +  0,672—  1.894  flvar«*a. 


Me  determine  the  calculated  value  cf  the  less  cf  voltage  on 
(5-10)  : 

AU.-6.5— 2,78- 0,4- 1,894-4.4%. 
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Fig.  5-2.  Diagram  for  example  5-2. 

Pages  142-143. 

Me  determine  the  section  of  wire  on  (5-7) .  Value  cf  coefficient 
ax  in  Tables  5-9 

a, -87,5  ii«aa*/***V*. 

Maximum  value  M»  (fer  tie  section  cf  line  ABG) 

M«- 157+ 1.08-3,05  BS • Kb. 

tlinimua  section  of  the  line 

f-87.5-^-60,7  m*. 

Me  accept  the  secticn  of  main  line  AB  the  equal  to  70  ms2. 

Me  determine  the  loss  cf  voltage  in  the  section  AB  on  (5-6): 
WtAB  -87.5.^- 2.46 
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Table  5-12.  Values  and  units  arc  tne  measurement  of  the  values, 

=nterinj  formulas  (5-8)  and  (5-S). 

I  C,MM»  W'.CHTQ*  H»rpy3Q«  .m  yi«m»  an* _  f  L)  i  iV  Tf)  Wjkj,okv  ",0J|},><IIU,P,(T,  ,, 


i 

C*ct«mu  tori  ,* 


~W - 

ejMMHua 

mu«peHKfl 

Mr 

“55 - 

ejutwaiui 

UMvpCHHH 

M 

a  km 

SI,l 

a-KM 

m 

Ul) 

KSm-KM 

E Ql 

(/V 

Ksap-XM 

SSI 

a-KM 

S/,1 

a-KM 

S/l 

(£) 

KSm-KM 

SQl 

& 

KSap-KM 

ZSi 

eumai 

UMepenn 


tuBp«-«o*JxJ)if  u*en  tb" 

menu )  «, 


0.22  0.28 


0.526 

0.303 

5.26 

3.03 

1.38 

0,459 

EPi  EQ<  j  Maap-KM\  SSI  I  Mmkm 


0.787 

0.455 

0.263 

4.55 

2.63 

1.52 

2.07 

0.69 

0.23 

100 

I  ~oT 


*  MS-  •  - 


00 


2.78  !  1 


Key:  (1).  Systems  of  current.  (2).  Sum  of  lead  moments  on  sections  of 
lines.  (3)  active.  (4)  r  eactive/ >t.  (5)  complete.  (6).  Losses  of 

voltaqe.  (7).  Value  cf  coefficient.  (8).  Numerical  value  of 
coefficient  <x2  with  nominal  interpnase  vcltage,  kv.  (9)  unit 
measurement.  (10).  Single-*. base  alternating  current.  (11)  k W •  km.  (12) 
kvar *ka.  (13)  kVA*km.  (14).  Three-phase  alternating  current.  (15). 
.Ivar^km.  (16).  :lVA*ka. 
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APR  80  F  F  KARPOV,  V  N  KOZLOV 
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Loss  of  voltage,  peraitted  for  the  branchings  from  the  pcint  B 
of  the  line 

W/lB*  4.4-2.46-  1,94%. 

We  determine  the  sections  cf  the  wires  cf  the  branchings: 


I 
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«r  / 

3*^ 


0  765  '' 

/BB  —  87,5-  —  34.5  mm1  (npHHHtueM  npotoA  A35); 

|  Qg  ^ 

fhr  87,5-  —  48,3  mm*  (npuHHuaeii  npoaoA  A50); 

0  82  ® 

87.5-  41 .5  mm*  (npHHimaeii  npoeoa  A50>. 


Key:  (1)  is  taken  wire. 


Me  find  values  of  active  ana  inductive  reactances  from  Tabl.  5-1 
and  5-2  and  mere  precisely  rcimulate  the  values  cf  the  losses  cf 
voltage  of  up  to  the  points  V,  G  and  D  of  line  on  (5-8) : 

&UA BB  =>  2.78  [(f) . 46- 1 .97 -f  0.359.1,222)  + 

+  (0.92-0.765  +  0.38  0,477))-  6.20 
4UABr  —  6.36  %  h  AU mn  —  5 . 96  */%, 

Verifying  calculation  shows  that  all  sections  accapted  satisfy 
the  condition  of  profclen. 
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Table  5-13. 


('> 

XapHTtpuCTHM  CCTI 

(*> 

Cpmhm  jRncHu 

■RAy«T«lHMX 

COOpOTHMCHHtf, 

o*l*  a 

13J 

KaCe.n>  10  1  u  . 

0.06 

(•0  KaCe.n>  6— 10  kb . 

0.08 

1  M30.1HpOB3Hllbie  npOBOfla  Ha  PO.IHUX . 

0.2 

f  tiHio.iHpoBiHiiwe  npoeoaa  Ha  H3o/iHropax  .  ..... 

0.25 

( ■J/’Boajyuiiiue  .ihhhh  io  1  . . 

0,3 

^BoaayuiHbie  .ihhhh  5— 10  kb . .  . 

0.4 

Kay:  (1).  Characteristic  of  nat.  (2).  Average/mean  values  of 
inductive  reactances,  G/ka.  (3).  Cable  tc  1  kV.  (4).  Cable  6-10  kV. 
(5) .  Insulated  wires  cn  rollers.  (6) .  Insulated  wires  on  insulators. 
(7).  Aerial  lines  to  1  klf.  (3).  Aerial  lines  6-10  kV. 
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5-4.  Calculation  according  to  less  of  voltage  cf  line  of  alternating 
currant,  performed  by  steel  wires. 


The  determination  cf  the  less  of  voltage  in  the  line,  arade  by 
steel  wires,  is  conducted  according  to  the  fcrtulas:  the  three-phase 
line 

iU  -  VT  [r  cot  y  +  (a* + ft;  (®-n) 

the  single-phase  line 

A(/— 2(r  cos  <?+  (x'+jc'')sin  <p]/l.  (5-12) 


where  r  -  effective  resistance  cf  steel  wire,  determined  in  depending 
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on  the  current  of  lire  cc Tables  5-3,  Q/km;  x'  -  external  inductive 
reactance  cf  line,  determined  in  depending  cn  the  separation  cn 
Tahirs  5-5,  Q/km;  xrt  -  internal  inductive  reactance  of  steal  wire, 
determined  in  depending  cn  the  current  of  line  cn  "Tables  5-3,  Q/km; 
cos  *  -  coefficient  cf  pcwer  loading  of  the  line;  I  -  lead  cf  line, 

A;  “V  -  length  of  line,  xm. 

During  the  determination  cf  section  the  lines  from  the  less  of 
vcltag*  are  assigned  by  tn«s  section  of  steel  wire  and  is  checked  the 
section  accepted  to  the  less  cf  vcltage  cn  (5-11)  or  (5-12). 

Example  5-3.  Air  three-phase  line  to  the  vcltage  6  kV  with  a 
length  of  2.5  km  is  made  by  steel  wires.  Load  cf  line  1*15  a  with  the 
factor  of  power  cos  *=C.8.  flediua  separation  cf  line  1000  mm. 
Permissible  loss  of  voltage  d0=£.5c/o.  Tc  determine  the  section  of 
wires. 


Solution.  We  check  the  possibility  cf  the  execution  cf  line  by 
steel  wires  of  model  PSC-5. 

Prom  Table  5-3  we  finu  fer  the  current  cf  lina  15  and  the  value 
ef  the  active  and  internal  inductive  of  th«  resistors/resistances  cf 
the  wire  cf  model  PSC-5: 
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r=13.6  G/ka;  xrt  *11.4  G/ka, 

while  from Table  5-5  -  a  value  cf  external  inductive  reactance  with 
D=  1  OOO  a®: 

x '  =  0. 375  C/k a. 

According  to  the  conditions  of  the  profclen 

/- 15  <r,  1-2,5  mr,  cos  ?-0,8;  sin  cp-0,5. 

On  (5-11)  we  detaraine  tae  less  of  voltage  in  the  line  vita  the 
fulfillment  by  its  wires  of  model  ESO-5: 

At/  —  VT  (13.6  0.8  +  (0.375  -f  1 1 .4)  0.6)- 15-2.5  - 
*1  160  V ,  or  1  1 60/ €  0CG«  1  CO* 19 . 4o/c,  which  is  inadaissible. 

We  check  analogously  the  feasibility  of  the  execution  of  line  by 
the  steal  stranded  wires  of  acuel  ES-25.  For  these  wires  the  less  cf 
voltage  in  the  line  ccap rises: 

UJ-VT  [5.97  0.8  -h  (0.368  +  1 .33)  0.6J- 15-2,5  - 
X  378-100 

-378V;  or  -  g qqq . -  6,3 *A. 


which  satisfies  the  condition  presented 
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5-5.  Calculation  of  net  with  the  aid  of  auxiliary  tablas  of  specific 
lossas  of  voltage. 

Table  5-14-5-23  gives  the  specific  losses  cf  voltage  for  the 
electric  wirings,  the  air  ana  cable  lines  and  the  conductors  in  the 
dependence  on  the  value  <f  pcvei  factor.  Per  the  wires  and  the  cables 
from  the  nonferreus  metal  these  lesses  are  expressed  in  the 
percentages  to  1  k  w  *  id  ,  xw«ka  or  BM«ka  in  deperdirg  cn  the  voltage  cf 
line. 


For  the  lines,  made  by  steel  wires,  the  specific  losses  cf 
voltage  are  shown  in  the  vcits  cn  1  Ji®  of  lire. 

The  loss  of  voltage  in  the  line  with  the  assigned  section  of 
wires  and  cables  from  the  nonferreus  metals  is  determined  from  the 
formula 

AU~\UrtM».  (5-13) 

whera  -  sum  of  the  prcaucts  or  resistive  leads  on  the  lengths  of 
th a  sections  of  line  (kfc«a,  ka«km,  aw«k»);  <w.»  -  tabular  value  of  the 
specific  magnitude  of  lesses  cf  voltage  in  che  percentages  on  1  k»*m, 
kw«km  or  BW«km, 


The  deter minaticn  cf  toe  section  of  wires  from  the  assigned 
magnitude  cf  losses  cf  vcitage  is  conducted  as  follows.  Is  determined 
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computed  value  A l/T«  according  to  tae  formula 

A U 

Ai/T»<-S^  (5-M) 

and  in  the  appropriate  tacle  is  selected  the  section  of  wire  with  the 
nearest  smaller  value  ci  me  specific  loss  cf  vcltage. 

The  less  of  voltage  in  the  line  for  the  steel  vires  is 
determined  from  the  formula 

HU-AUrtl,  (5-15) 

where  X  -  length  of  line,  urn;  hi)**  -  tabular  value  of  the  specific 
less  cf  voltage,  V/km. 

Computed  value  cf  the  specific  loss  of  vcltage  during  the 
determination  of  the  section  ct  wires  frea  the  assigned  permissible 
magnitude  of  losses  cf  vcltage  is  calculated  free  the  formula 

<5-»6> 

The  specific  values  cf  the  losses  of  vcltage  for  the  conductors 
with  tha  steel  busbars  ic  the  percentages  ct  1  A*km  are  given  in 
Table  5-27.  Por  the  intermediate  values  cf  the  current  of  line  the 
magnitude  of  losses  cf  voltage  is  determined  ty  interpolation 
according  to  the  foraula 

Atf*  -  A(/\.  -  ^I7> 

where  a -  tabular  value  cf  the  loss  of  vcltage  for  minimum  current 
I*,  o/o/A«km;  au%»  -  the  same  xcr  eaximum  current  I",  o/o/A*km;  A 0T# 

-  leas  of  voltage  for  tne  lateriediate  current  I,  o/o/A*km. 
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Example  5-4.  To  prcduca  the  calculation  cf  line  according  tc 
examples  5-1-5-3  with  the  aid  or  me  tables  cf  the  specific  losses  cf 
voltage. 

Solution.  1.  Frcm  example  5-1  great  value  M.-9.44  kW*ka. 
Permissible  less  of  voltage  ACJ-4o/o. 

we  find  computed  value  cf  the  specific  less  of  voltage  through 
(5-14)  : 


From  "Table  5-17  fer  aerial  line  380/220  V  with  cos  *-1  we  find 
the  section  of  aluminum  wire  70  am2  for  which  Al/T»-0.  319o/c/kW*km. 

we  determine  the  less  cf  vcltage  in  the  aain  line  AB  on  (5-13): 

0,319-8,56- 2,73  ft. 

Computed  values  of  the  specific  loss  of  vcltage  for  the 


branching  3V 
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****** 


for  the  branching  BG 


In  both  cases  on  Tables  5-17  we  accept  wire  section  16  mi2. 

2.  From  example  5-2  M.-3.05  Eii«xa;  &0  =  6.5c/o.  On  (5-14)  we  obtain 

<  -§3s -  2- 13  %f*' *  *  *  1  * 

* 

On  Tables  5-22  for  the  alumnum  wire  with  cos  #-0. 85  we  find 
section  70  mm2  fCr  which  At/T«-J.9_' °/o  /HW*ka. 

Loss  of  voltage  ic  the  mi  line  on  (5-13) 

41/^-1.9.1.97-3.75  •/.. 

The  loss  of  voltage,  persitted  for  the  subaains  at  point  Br  is 
equal  to: 

4tfs-  5,5 —  3.75  -  2.75  Y». 

Computed  values  of  the  specific  losses  cf  the  voltage:  for  the 
branching  BV 


&U« -5^-3.60^/nw***  (wira  A35)  ; 
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for  the  branching  BG 

(wire  A5C)  ; 

for  the  branching  BD 

2.75 

At/*,=* -or92-“3-0,/./MH*ni  (u ire  A 5 C)  . 
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3.  Permissible  less  or  vcltage  according  tc  condition  of  example 


A0=6.5«6  0C0/UC=3SC 


The  length  of  line  is  1r=2.  5  kz. 


Computed  value  cf  the  speciric  loss  of  voltage  on  (5-16) 


W*  <-2X“  156  V/k“* 

Or.  Tables  5-20B  for  the  current  of  line  1=15  a  we  select  the 


section  of  the  wire  cf  acjai  ES-25  for  which  At/T#=!5i  V/ka 
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Example  5-5.  From  tea  transformer  point  cf  industrial  enterprise 
obtains  feed  a  main- line  conductor  ABV  of  the  type  ShMA  59-1,  to 
which  are  connected  distributive  conductors  EG,  VD  and  VE  of  the  type 
Sh H A  60-6  (Fig.  5-3).  Ike  lengths  cf  the  sections  of  conductors  and 
load  of  distributive  conductors  are  shown  in  Fig.  5-3.  Loads  are 
distributed  irregularly  along  the  conductors.  Nominal  line  voltage 
380  V,  coefficients  cf  power  leading  cos  *=C.7. 

To  determine  the  less  cf  vcltage  in  the  conductors  of  up  to  the 
outermost  points  G,  C,  E. 

Solution.  He  determine  toe  acaents/torg ues  of  resistive  loads  in 
the  individual  sections  cf  conductor. 

aain-line  conductor:  section  AB  610  *0.  1 4  =  85. 5  k«*km;  section  3V 
360*0.03  =  10.8  kW*km. 

Distributive  conductors:  section  BG  250*0.065=16.2  kH*ku; 
section  VE  200*0.05=10  ki»*Km;  section  VD  16C*C.C4=6.4  kW*km. 

(During  the  det  er  iritaticn  cf  moments/ torques  in  the  distributive 


conductor  the  evenly  distneutec  lead  we  consider  concentrated  in  the 
mi ddl*  of  conductor) . 
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Fig.  5-3.  Schematic  cf  conductors  for  example  5-5. 


Key:  (1)  KVM. 

Page  149. 

From  Table  5-23  for  cos  #=C.7  we  determine  the  values  of  the 
specific  lasses  cf  the  voltage:  rot  the  main-line  conductor  cf  the 
type  sh n A  59-1  At>T«-o.0308  \ /Kb •  km  and  for  the  distributive  conductor 

of  the  type  ShRA  60-6  A(/t»»0,I33  %  /nW«km. 

Using  (5-13),  we  determine  the  less  cf  voltage  cf  up  to  the 
end/lead  G  of  distributive  conductor  EG: 

UJt a-  -  0.0308.85,5  +  0,133- 16,2  -  4,8  »/.. 

We  analogously  determine  tee  losses  of  vcltaga  cf  up  to  the 
points  D  and  E: 

u  =.3,82*/.;  -4,3 1/,. 
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Table  5-14.  Loss  of  voltage  in  the  two-wire  circuit  of  direct  current 
cr  twc-wire  circuit  of  alternating  current  with  cos  *=1. 


"'if 

if? 

ii! 

if 

(ij  npi  noMVBUtHO*  xanpuateMnii. 

• 

li 

no 

137 

110 

* 

36 

24 

12 

a: 

%/»«•«  (•/) 

%/«■»•*  os; 

{<-> 

Meat. 

r 

77,7 

233,0 

311,0 

1.63 

2,90 

6,52 

26.1 

l.S 

51,7 

155,0 

206,0 

1,08 

1.93 

4,32 

17.3 

2,5 

31,1 

93.3 

125.0 

0.653 

1.16 

2.61 

10.4 

4 

19.2 

57.9 

76.8 

0,403 

0.717 

1.61 

6.44 

6 

12,7 

38.1 

50,6 

0,265 

0,472 

1.06 

4,24 

10 

7.61 

22,8 

30,4 

0.160 

0.284 

0,640 

2.56 

16 

4,96 

14.9 

19.8 

0,104 

0.185 

0.416 

1 .06 

25 

3.06 

9,18 

12.2 

0.0642 

0.114 

0.257 

1.03 

36 

2.23 

6,69 

8.93 

0,0468 

0.0833 

0.187 

0.749 

50 

1,61 

4,83 

6,45 

0.0338 

0.C602 

0.135 

0,541 

70 

1,16 

3.48 

4.63 

0.0243 

0,0432 

0.0972 

0.339 

(7J 

95 

0,827 

2,48 

3,31 

0.0173 

0,0309 

0.0692 

0.277 

Kara- 

5\5 

52.8 

158.0 

213,0 

I. II 

1.97 

4.44 

17.8 

ubhhS 

33.1 

99.3 

132,0 

0.693 

1.23 

2.77 

II. 1 

6 

22,0 

66.0 

88,0 

0,462 

0.823 

1.86 

7,44 

10 

13,2 

39,6 

52.8 

0,277 

0.494  ' 

I.U 

4.43 

16 

8.18 

24,5 

32,7 

0,172 

0.306 

0.688 

2.75 

25 

5.29 

15.9 

21. 2 

o.m 

0,198 

0.444 

1.78 

35 

3,80 

11.4 

15.2 

0.0798 

0.142 

0.319 

1.28 

50 

2.64 

7.92 

10,6 

0.0555 

0,0987 

0.222 

0.888 

70 

1.90 

5.70 

7,60 

0,0400 

0.0710 

0,160 

0.640 

95 

1.45 

4,35 

5,62 

0.0236 

0.0-116 

0,0944 

0.378 

120 

1.15 

3.45 

4.46 

— 

— 

“ 

*“ 

Key:  (1).  Material  of  wne  cr  carle  core.  (<).  Nominal  section,  mu2. 
(3).  With  nominal  voltage,  in.  (4)  0/o/kW*km.  (5)  0/o/kV»m.  (6). 


Copper*  (7).  Aluminum. 


DCC  =  SO  0  40  307 
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Table  5-15. 


Loss  of  voltaje  in 


three-phase  lire  380 


V)  performed  by 


insulated  wires  on  the  idlers  and  the  insulators,  0/o/kV»ka. 


- (H - 

Mtnpaui 

Ce*efi»« 

KiJ  nP«  KOh>pHIIHCHTe  MOCUHOCTlt 

apoooju 

MM* 

0.7 

0.7S 

0.80 

a.  a 

0.8* 

0.90 

0.32 

0.0* 

0.90 

0.98 

1.00 

Meaw 

l 

13.2 

13.2 

13.2 

13.1 

13.1 

13.1 

13.1 

13,1 

13,1 

13,1 

13.0 

1.5 

8.85 

8.83 

8.81 

8.80 

8.77 

8,76 

8.75 

8.74 

8.73 

8.72 

8.65 

2.5 

5.39 

5.37 

5.35 

5.33 

5.32 

5,31 

5.31 

5.30 

5.28 

5.27 

5.21 

4 

3.39 

3.37 

3.36 

3,34 

3,33 

3,32 

3.31 

3.30 

3.29 

3.28 

3.22 

6 

2,29 

2.27 

2.25 

2,23 

2,22 

2t2l 

2f2! 

2,20 

2,19 

2.18 

2.12 

10 

1,43 

1,41 

1  ,40 

1,38 

1,37 

1.37 

1.36 

1,35 

1.34 

1.33 

1 .28 

16 

0,993 

0.965 

0.958 

0,941 

0.931 

0,924 

0.916 

0,908 

0,899 

0.887 

0.831 

25 

0.664 

0.647 

0,631 

0.616 

0,606 

0,600 

0.593 

0.585 

0.577 

0.566 

0.512 

35 

0,527 

0.510 

0.494 

0.478 

0.469 

0,462 

0,455 

0,448 

0.439 

0.428 

0.374 

50 

0.415 

0.403 

0,388 

0,373 

0.364 

0,358 

0.351 

0.344 

0,336 

0.326 

0.270' «. 

70 

0,365 

0.346 

0,328 

0,310 

0.299 

0,292 

0,284 

0.275 

0.266 

0,254 

0.196 

95 

0.301 

0,283 

0.265 

0.249 

0.238 

0,231 

0.223 

0.215 

0.206 

0.194 

0,138 

(«i 

120 

0.267 

0,249 

0.233 

0.216 

0.207 

0.199 

0.192 

0.184 

0.175 

0.164 

0.109 

A.1IOMH- 

2.5 

9.03 

9,02 

9.00 

8.98 

8,97 

8.96 

8.95 

8,95 

8,93 

8.92 

8.85 

HMU 

4 

5.71 

5.69 

5,67 

5,65 

5,64 

5,63 

5,62 

5.61 

5,60 

5,59 

5,54 

6 

3,86 

3.84 

3.82 

•  3,80 

3,79 

3.78 

3.78 

3,77 

3.76 

3,75 

3.69 

10 

2,37 

2.35 

2.34 

2.32 

2.31 

2.31 

2.30 

2,29 

2,28 

2.27 

2.22 

16 

1.53 

1.51 

1,50 

1.48 

1.47 

1.46 

1,46 

1,45 

1.44 

1.43 

1,37 

25 

1.04 

1.02 

1.01 

0,990 

0,980 

0,974 

0,967 

0.959 

0.951 

0.940 

0.886 

35 

0.790 

0.773 

0,757 

0,741 

0,732 

0,725 

0,718 

0,711 

0,702 

0,691 

0.637 

50 

0,588 

0.573 

0.558 

0.543 

0,534 

0.528 

0,521 

0,514 

0,506 

0.496 

0.443 

70 

0.488 

0.469 

0,451 

0.433 

0.422 

0.415 

0,407 

0,398 

0.389 

0.377 

0.319 

95 

0.398 

0.380 

0,362 

0.346 

0,335 

0.328 

0.320 

0,312 

0.303 

0.291 

0.235 

120 

0,345 

0.317 

0.301 

0,294 

0,285 

0,277 

0.270 

0,262 

0.253 

0.242 

0.187 

150 

0,298 

0.281 

0.265 

0.249 

0,240 

0.233 

0,226 

0.219 

0.210 

0.199 

0,145 

Key:  (1) 


Material  of 


wire. 


U) 


Section  of  wire,  mm*.  (3) 


With 


pcw^r  factor.  (4) 


Copper.  (5) 


Aluminum . 


DOC  *  30040307 
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Table  5-16.  Loss  of  voltaic  in  three-phase  cable  line  380  V 
O/o  /lcB«km. 


Key:  ( 1 ) .  Material  of  vein/strand.  (2).  Noainal  section,  aaz.  (3) 
Bith  power  factor.  (4).  Copper.  (5).  Altiuinua. 


DOC  =  80040307  PAGE  ^ 

30* 

Table  5-17.  Loss  of  voltage  la  three-phase  aerial  line  380  V, 
°/o  /  '<  4 •  km . 


DOC  =  30040307 


FAGE  «-T"  , 

Table  5-18.  Loss  of  voltaye  in  three-phase  catle  line  660  V 
O/q/'i  W •  k  b  * 


JO 

Mtm j 
uw 

■ 

Hominuw 
HOt  ctt«* 

UHt.  MM* 

1  Dpi  goa#$iiuw*T.  McamecT* 

0.70 

0.70 

0.00 

0.18 

0.90 

0.95 

M«Afe 

1 

4.03 

4.33 

4.33 

mmm 

4.33 

4.33 

1,5 

2.91 

2.90 

2.90 

2.89 

2.89 

2.5 

1.70 

1.76 

1.75 

1.75 

1.75 

1.74 

4 

1. 10- 

1.10 

1.09 

1.09 

1.06 

1.06 

A 

0.73 

0.72 

0,72 

0.72 

0.72 

0.71 

10 

0,444 

0.440 

0.440 

0.437 

0.433 

0.431 

IA 

0.293 

0.291 

0.289 

0.287 

0.264 

0.262 

25 

0.190 

0.144 

0.182 

0.180 

0.181 

0.176 

35 

0.140 

0.138 

0.13d 

0. 134 

0.132 

0.130 

50 

0.103 

0.103 

0. 101 

0.099 

0.097 

0,095 

70 

0.090 

0.076 

0.078 

0.074 

0.072 

0.070 

95 

0.000 

0.058 

0.056 

0.054 

0.052 

0.050 

120 

0.031 

0.049 

0.047 

0.045 

0.043 

0.041 

ISO 

0.042 

0.041 

0.039 

0.037 

0.035 

0.033 

IAS 

0.038 

0.036 

0.034 

9.032 

0.030 

0.028 

— 

340 

0.033 

0.030 

0.028 

0.026 

0.024 

0.022 

Ajoduimu. 

2.5 

2.97 

2.97 

2.97 

2.96 

2.96 

2.96 

(*> 

4 

1.07 

1.07 

1.07 

1.86 

1.86 

1.85 

A 

1.25 

1.23 

1.24 

1.24 

1.24 

1.24 

10 

0.78 

0.73 

0,75 

0.75 

0.75 

0.75 

16 

0.47 

0.47 

0.47 

0.47 

0.46 

0.46 

25 

0.311 

0.309 

0,307 

0.305 

0.303 

0.300 

35 

0.227 

0.223 

0.223 

0.221 

0.219 

0.217 

• 

so 

0.102 

0.10 

0,158 

0. 157 

0.155 

0.152 

70 

0,121 

0. 1 19 

0.117 

0. 1 15 

0.113 

o.m 

95 

0.092 

0.091 

0,009 

0.087 

0.065 

0.0S3 

120 

0,077 

0.075 

0,073 

0.07/ 

o.m 

0.067 

150 

0.002 

0.001 

0.059 

0.057 

0.055 

0.053 

165 

s:os3 

0.051 

0,049 

0.048 

0.046 

0.044 

240 

0.044 

0.043 

0.041 

0.039 

0.037 

0.035 

Key:  (1).  Material  of  veio/strand.  (2).  Noainal  section,  an 
Kith  power  factor.  (4).  Copper.  (5).  Aluninun. 
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Table  5-19.  Loss  of  voltage  in  three-phase  aerial  line  660  V, 
^/o/ka*! ca. 


Hohii-  ( hj  rip.  ko»X.bm.t«  .OV.OCTU 


\l)  H&- 

MarcpiaJi  uajibuoe 
10HJU  CBMeHRe. 

mm9 


0.70  | 

0.73  | 

0,80  | 

0.85  | 

0.88 

0.90  | 

0.92  | 

0.91 

B 

1 

1.14 

1.13 

1,12 

1.12 

i.ii 

i.n 

1 

1 

0,78 

0,77 

i  0,76 

0.75 

ESI 

ESI 

9 

0.49 

0.48 

0,47 

0.47 

EO 

1WI 

0.360 

0.350 

0,340 

0,328 

0,322 

0,327 

HI 

EH 

0.252 

0,241 

0.231 

0.220 

0.214 

0.209 

0,205 

0,200 

0,207 

0,192 

0.182 

i  0.172 

0,166 

0,165 

0.157 

0,153 

0,166 

0.157 

0.146 

0,136 

0,130 

0.129 

0.122 

0.117 

0.138 

0.128 

0.119 

|  0,109 

0.103 

0,099 

0,095 

0.091 

0.50  0,50 

0.340  0.333 


DOC  =  30040.307 
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Table  5-20B.  Loss  c€  voltage  in  tnxee-phase  aerial  line.  Bade  by 


DOC  =  80  0  40  307  E  AG£  &T 

3*r 

Table  5-20C.  Loss  of  voltage  in  tnree-phase  aerial  line,  made  by 


steel  wires,  V/kn, 


m 

(V  Op,  Ham, oct. 

a 

)  I 

0.9  | 

0,95 

m 

nco-i.s 

nco-i 

ncos 

nc-25 

nc-35 

nc-fio 

nco-s.s 

nco-4 

nco-s 

nC-25 

nC33 

nc-jo 

5 

OK-l.Sl 

(tt-4) 

OK-5) 

nMC-25 

riMC-35 

nMC'50 

OK-3.S) 

(*••0 

(*-&) 

nMC-25 

OMCUS 

nMC-50 

0.5 

12.1 

9.39 

12.6 

9.75 

_ 

- 

_ 

___ 

1 

25.7 

19,8 

8,89 

6,23 

4,73 

26.4 

20.5 

— 

9.14 

6.40 

4.85 

1.5 

I  42.1 

32,4 

20.4 

13.3 

9.33 

7,08 

42.6 

33,0 

21.5 

13,6 

9,59 

7.26 

2 

60.5 

46.2 

32.0 

17.8 

12,4 

9.46 

60.5 

46.4 

31.9 

18,4 

12.8 

9.71 

3 

104 

81 .5 

59.9 

26.9 

18,8 

13.5 

102 

79,4 

57,8 

27.5 

19.0 

14.5 

4 

152 

120 

92.9 

35.9 

25.2 

19.0 

148 

116 

89.3 

36.9 

25,7 

19,4 

5 

212 

166 

134 

45.3 

31,6 

23.7 

210 

159 

129 

46,6 

32.4 

24.2 

6 

276 

0 1 0 

182 

54.7 

38.2 

28,5 

265 

204 

174 

56.1 

39.1 

29,1 

7 

323 

2ST 

230 

64.1 

44,9 

33,2 

312 

250 

O’O 

66.0 

46.0 

34.0 

8 

374 

313 

275 

74.4 

51.8 

38.2 

361 

301 

262 

76.2 

53.2 

39.2 

9 

422 

353 

304 

84.5 

58,5 

43.1 

408 

340 

291 

86.9 

60.2 

44.1 

10 

474 

393 

325 

95.6 

66.1 

48.1 

455 

377 

308 

97.7 

67.5 

49.3 

15 

685 

560 

451 

159 

106 

73.3 

650 

539 

431 

161 

108 

74.8 

20 

_ 

560 

239 

158 

too 

—  ! 

— 

537 

243 

160 

102 

25 

_ 

_ 

315 

223 

131 

_  1 

— 

— 

318 

224 

132 

30 

_ 

__ 

386 

287 

166 

_  i 

— 

— 

389 

288 

167 

35 

_ 

- 

467 

345 

205 

_ 

— 

— 

455 

346 

206 

40 

-  - 

*!? 

396 

246 

_ 

! 

— 

515 

396 

248 

45 

— 

569 

442 

289 

— 

— 

572 

443 

290 

50 

_ 

- 

627 

488 

333 

— 

— 

629 

448 

333 

60 

— 

729 

573 

410 

__ 

— 

— 

741 

574 

413 

70 

— 

— 

— 

839 

650 

485 

— 

847 

652 

487 

Key:  (1).  Currant,  lines,  A.  U) •  "ith  coefficient  cf  power. 
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Table  5-21.  Loss  of  voltage  in  three-phase  aerial  lire,  made  by  steel 
wir®s,  V/km,  with  cos  #=1. 


(/; 

To*  j*hh*.  a 

i 

nco-as 

OK-3.5) 

nco-4 

OK-4) 

nco-5 

l/K-S) 

ness 

nMC-a 

nc-45 

T1MC-35 

nc-M 

riMC-5a 

o.s 

17,3 

10,0 

_ 

_ 

_ 

l 

26.3 

20,4 

— 

•  9,10 

6,39 

4,76 

1.5 

40,8 

32.0 

20,6 

13,7 

9,52 

7.17 

2 

55,8 

43.3 

28.9 

18,2 

12,7 

9.51 

3 

90.5 

69.5 

49,3 

27.4 

19,0  | 

14.3 

4 

128 

99 

74.8 

36.7 

25.6 

19,1 

5 

174 

134 

t06 

46.0 

32.0 

23.8 

6 

292 

172 

144 

54.5 

38.5 

28.5  % 

7 

260 

210 

182 

65.0 

45.2 

33,3 

8 

300 

249 

213 

74,7 

52,0 

38.2 

9 

340 

282 

236 

C4.7 

58,6 

43.0 

10 

380 

313 

252 

95,2 

65,8 

48.1 

IS 

526 

450 

353 

155 

104 

72.6 

20 

_ 

440 

232 

152 

98.5 

25 

_ 

'  - 

-  | 

302 

212 

127 

30 

_ 

— 

368 

270 

161 

35 

_ 

— 

430 

325 

197 

40 

_ 

486 

370 

235 

45  1 

_ 

— 

539 

413 

274 

50 

_ 

— 

592 

454 

312 

60 

. _  ! 

_ 

— 

696 

533 

383 

70  ! 

“ 

— 

798 

605 

451 

Key: 


(1) 


Current  of  line,  A 


DOC  =  80040307 
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Table  5-22.  Loss  of  voltage  in  tnrea-phase  aerial  line  6  kV, 


KeY:  (1).  Material  of  Hire.  (2).  Ncainal  section,  m2.  (3).  With 


power  factor. 


(4).  copper. 


(5j .  Aluminum . 


DOC  =  30040307 


PAGi 
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Table  5-23.  Loss  of  voltage  in  tcree-phase  aerial  line  10  k7, 
O/Q/yi  ••kn. 


,, J  V  [2/  ftp*  KOxptpHuaeuTe  houikocti 


I,)  IV 

Hour* 

MmpBU  M«4bMO« 
QPOAOGU  CCHtHHC. 


0,75 

o.ao 

2,22 

1.56 

1,09 

2.16 

1.50 

1,03 

.688 

0,622  |  0,571 


Key:  (1 
power  f 


0.92 

0,94 

2,02 

1.37 

0,907 

2,00 

1.35 

0,883 

0.98 

1.00 

1,93 

1,84 

1.28 

1,2 

0.82 

0,74 

0.617 

0,54 

0,471 

0.39 

0.359 

0.28 

.819  0,798  0.774  0,748 

.634  0,613  0.59!  0,565 

,522  0,501  0,477  0,450 

.449  0,428  0.404  0,378 

1  section,  nm*.  (3) 


W  How 

Minpioji  I  a&jikHOc 

ce^emu. 


5.28 
3,53 
2,22 
1,65 
1-  °2 

o!9?S  !  0,895 


0,708  0,092 


0.96 

0.98 

5.19 

5,16 

3,42 

3.39 

2.14 

2.11 

1.57 

1,55 

1,15 

1,13 

0.842 

0,822 

0.617 

0.598 

0,500 

0,481 

0,400 

0,384 

0,342 

0.325 

0,278 

0.258 

8,98 

8,95 

5,58 

5.56 

3,64 

3.61 

2,63 

2.61 

1,85 

1.83 

1 ,34 

1  .32 

1,00 

0.086 

0.31  1 

0 , *02  . 

0.042 

0,620 

0.528 

0.511 

wm 

0.408 

)  .  Ma 


<»2.  (3) 


vp  r  f 


oo  in  co  ci 


r - 

K 

DOC  =  30040307 

F  AGi 
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Table  5-25.  Loss  o£ 

voltage 

ia  tae  three-phase  cable  line  10  kV, 

0/Q/H  I»  •  !C  H  • 

MatepaaJ 

XU1U 


f-V  Hpi  XOX^X$HUHCHTt  MOUIHOCTB 


0.75  o.ao  o.as  o.aa  o.oo  0.92  0.94 
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Table  5-26.  Loss  of  voltage  in  three-phase  ccrductor  380  V} 
performed  by  the  aluuirua  buscars  of  rectangular  cress  section. 


0/o/kl»<a. 


if) 

{*> 

nPl  UU$4lUMHT<  HOOLUOCTI 

• 

ON.  MM 

0.3 

'0.4 

0.3 

0.3 

o.r 

0.3 

0.9 

1.0 

25X3 

0.848 

0.690 

0,590 

0,533 

0,468 

0.421 

0.374 

0.289 

30V4 

0.716 

0.567 

0,474 

0.417 

0,355 

0,310 

0,266 

0.186 

40X< 

0.640 

0,501 

0.414 

0.362 

0,304 

0.262 

0,221 

0.146 

40X5 

0,609 

0.471 

0,386 

0,333 

0.276 

0.235 

0,194 

0,117 

50X5 

0,560 

0,429 

0.348 

0.288 

0.245 

0.206 

0,167 

0,097 

50X6 

80X6 

80X6 

0,541 

0,413 

0,332 

0.283 

0,229 

0,190 

0,152 

0,082 

0,508 

0,384 

0,308 

0.262 

0,210 

0.174 

0.137 

0,0705 

0,455 

0,382 

0.272 

0,229 

0,182 

0.148 

0.144 

0,0535 

100X6 

60X8 

0,417 

0.312 

0.247 

0,208 

0, 163 

0,131 

0,102 

0.0439 

0,485 

0,364 

0,288 

0.242 

0,192 

0.155 

0.119 

0,0535 

80X8 

0,437 

0.325 

0,256 

0,212 

0,168 

0,134 

0,102 

0,0412 

100X8 

0,404 

0.300 

0,235 

0,196 

0,152 

0.121 

0,090 

0.0333 

120X8 

0,373 

0.275 

0,215 

0,178 

0,138 

0.109 

0.0803 

0.0284 

80V 10 
100X10 
120X10 

0,430 

0,318 

0,249 

0,207 

0,161 

0.127 

0,0950 

0.0343 

0,392 

0,290 

0,226 

0,187 

0,144 

0.113 

0,0830 

0,0276 

0.367 

0.270 

0.209 

0.173 

0,117 

0,104 

0,0747 

0.0229 

Note.  The  values  of  the  losses  cf  voltage  are  given  with  temperature 


of  *3 0°C  and  distance  between  centers  cf  busbars  250  mm. 


K°y:  (1).  Sizes/ dimansiccs  cf  busbars,  mu.  (2).  with  power  factor 
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Tabla  5-27.  Loss  of  voltage  in  tnree-phase  conductor  380  V,  carried 
cut  by  tha  steel  busbars  cf  rectangular  cross  sectico,  £^/A«kn. 
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Tabla  5-28.  Loss  of  voltage  in  the  conductors  with  the  aluminum 
busbars  of  serias  ShSA  ana  SnflA  with  voltage  38C  V,  ^>/0/k'4»ka. 


npN  KOJ^HUlieHTO  MCU1HOCTM 
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5-6.  Calculation  of  net  according  to  the  loss  of  voltage  and  the 
condition  for  the  smallest  expenditure  of  metal. 

For  the  main-line  lultieaded  line  at  the  end/lead  (Fig.  5-4)  the 
section  of  the  wires  of  main  line  according  tc  the  condition  fox  the 
smallest  expenditure  cf  letal  is  determined  from  the  formula 


where  a,  -  a  coefficiett  in  Ya  1 1  e  5-9; 

-  sum  of  the  products  or  resistive  leads  cn  the  lengths  of  the 
sections  cf  the  main  lice; 

4.-  length  of  the  xaic  line; 

au.  -  permissible  loss  cf  voltage  in  the  line  with  the  resistive 


♦ 


loads; 
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the  sum  of  the  prcctcts  ot  values  Mm  for  the  length  of 

i 

branching,  calculated  for  ail  cranchings. 

The  obtained  on  (5-18)  sacticn  of  main  line  is  rounded  off 
before  the  nearest  (greater  or  saallar)  standard  section  of  wire. 

The  determination  cf  tne  sections  of  wires  for  the  branchings  is 
conducted  according  to  the  rcmulas  §  5-2  and  5-3. 
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Fig.  5-4.  Schematic  of  main  line  with  the  branchings  at  the  end/lead. 


*ttn,Ln — — 

"1 - 'I 


Fig.  5-5.  Schematic  cf  main  line,  aade  from  several  sections  of 
different  sections. 
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Fcr  trunk  line,  divided  along  the  length  on  several  sections 
(Fig.  5-5),  section  cf  the  first  section  are  determined  from  the 
formula 

V  Vm7l 

„  At.,  i 

l5-‘9 

where  at  -  the  coefficient,  deterained  ir^atle  5-9; 
m*i  -  valuaAf,  for  the  first  section; 

Lt  -  length  of  the  first  secticc; 


-c 
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At/«  -  permissible  loss  cf  voltage  tor  the  entire  length  with  the 
resistive  loads. 

The  obtained  on  (5-19)  section  of  the  wires  of  the  first  section 
is  rounded  off  before  tne  nearest  (greater  cr  smaller)  standard 
section. 


The  section  of  the  uiras  or  the  seccnd  section  is  determined 
from  the  formula 


in 

to 


_  _ 

—  MJt 


£  V\UL 


■'ll  MnLt  * 

which  indices  1  and  2  noted  the  values, 
the  first  and  seccnd  sections  ci  line. 


(5-20) 

which  relate  respectively 


The  sections  of  the  wires  cf  the  sufcseguent  sections  are 
determined  analogously. 

The  section  of  the  vires  cf  latter/last  section  is  rounded  off 
toward  larger  nominal  section. 

In  the  cases  of  calculating  the  lines  taking  into  account  the 
inductance  of  wires  values  4(/«.  Mft„  h(/.»  and  sc  forth  in  (5-18),  (5-19) 
and  (5-20)  are  determined  cn  (5-10). 


.‘I  . ..  J 
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Example  5-6.  To  calculate  frcm  the  loss  cf  voltage  and  the 
condition  for  the  smallest  expenditure  of  metal  line  from  example 
5-2. 


Solution.  According  tc  tne  data  of  example  5-2  we  have: 


At/** 6,5%;  At/,  —  4,4%;  a(  — 87,5  om-mm*!m- ***; 
Af.,  =  M, AB=  1  -km;  it  =  2  km; 

M„  =  AflBB=  0.7G5  XTmi  km;  L,  =  9  *.*• 

Af,t*=  Afjgj-s  1,08  Af«m  uc*;  I,  =  «  *.U; 
M,t  =  0,92^«m.jo»;  £.,  =  6  <jf. 


Key:  (1).  Q«mnV**kVJ.  42)  .  M*«ka. 


whence  we  determine  the  secxicn  cf  main  line  A8  cn  (5-18): 


- _ 1.97/.  .  ./o, 765-9  +  1.08-4  +  0.92-6  '\_ 

'•-87-5__t1  +  K  - - j- 

-  I19jk«<  (120  jut*). 

Further  calculaticn  we  parfcrm  according  tc  the  data  by  tfable 


22. 


Eaqe  163. 


Loss  of  volta-ge  in  the  main  line 

4(7^.-  it/,—  1,39-1,97-  2,74  •/*. 

Loss  of  voltage,  permitted  during  the  calculaticn  of  branching 

A£/b-  6.5  -  2,74  *  3,76%. 


frcm  the  point  B, 
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Calculation  of  the  brancamgs: 


branching  BV 

3,76  L 

Wr*  <  -q77^5  =  4  .92  %  (npoeoa  A25); 

Key:  ( 1) .  wire. 


branching  8G 


4Vt«  <T706*“  ^  ( 


W itt  A35); 


branching  BD 

AUt« < ^  =  ♦.  i  %  A35).  ; 

Here  at/T«  -  tabular  value  cf  one  magnitude  cf  losses  of  vcltage. 
The  weight  of  the  wires  cf  line  according  tc  the  calculation  cf 
example  5-2  (see  Table  1-2) 

<7,-3(191  •  2+  95-9+136- 4+J36-6)-7  791 


Key:  (1)  .  kg. 


Height  of  wires  according  to  che  calculation  for  the  minimum  cf 
the  metal 

Cj-3(322 •  2+68 •  9+95 ■  4+95- 6) -6 616  «. 0 

Key:  ( 1)  .  kg. 


Height  saving  of  wires  during  the  calculation  for  the  minimum  of 


the  metal 
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r  791— 6  618-1  173  «  (rt*«  15%). 


Key:  (1)  .  kg.  (2) .  or. 


5-7.  Calculation  of  net  according  to  the  loss  of  voltage  and  the 


condition  cf  permanent  current  density. 


the  sections  of  the  wires  cf  the  individual  sections  cf  net 
during  the  calculation  according  tc  the  less  cf  voltage  according  to 
the  condition  of  permanent  current  density  are  determined  frea  the 


formulas: 


F  —  •  p  —  Li. 

i  *  i  ’ 


where  It,  I2,  the  currents  cf  the  sections  cf  line,  a;  j  -  current 
density,  constant  for  all  secticns  of  the  line: 

,m~  /3  :  (WJ) 

7  -  specific  conductivity  or  wire,  m/Q*m»2;  &u\  -  permissible  loss  of 
voltage  in  the  line  with  the  resistive  leads. 


During  the  calculation  of  line  taking  into  account  inductance 
at;,  it  is  determined  frea  fcraula  {5-10). 
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SJcose"  the  sum  cf  the  products  of  the  length  of  each  of  the 
sections  in  the  meters  tc  the  pewer  factor  -  is  computed  froa  the 
beginning  of  line  to  the  ena/leau  cf  that  branching  for  which  this 
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sun  is  greatest. 


With  identical  cos  *  tor  all  loads  cf  lice  tha  current  density 

is  determined  frcm  the  formula 

i*ut 

;a7w  (S‘23) 

where  L  -  the  overall  lergta,  aqual  to  the  length  of  *ain  line  and  to 
the  maximum  length  of  trancning,  a. 


The  calculated  on  (S-*1)  sections  of  wires  are  rcunded  cff 
befcre  the  nearest  nominal  section,  after  which  is  ccnducted  the 
verifying  calculation  cf  late  cc  the  magnitude  cf  losses  of  voltage. 


5-8.  Loss  of  voltage  ic  the  transformer. 


Loss  voltage  in  the  windings  cf  double  wcund  transformer  is 
determined  from  the  formulas: 


PK  +  QX  S  _  O'* 

r~  V - “-jj-W cos  f  -KYstof),  ks;  (5-24) 


• » oo  -  4  ■  T. Y  5 1  n  i 


u - ur 


•  100,  •/„  (5-25) 


Key:  (1).  kV. 


whera  P  -  the  resistive  lcau  cf  transformer,  sw 


C  -  the  reactive  load  cf  transformer,  Hvar; 


DOC  =  80040303 


EAGE 


S  -  the  full  load  of  trarsr crmer ,  aVA; 


U  -  load  voltage  of  transformer,  XV; 


Um~  nominal  line  voltage,  xV; 


cos  *  -  coefficient  cf  power  lcaarng  of  the  transformer; 


B  -  the  effective  resistance  or  the  windings  cf  the  transformer; 

/l/n-V  (n 

«*•  (5-26) 


Kay:  (1)  .  ohm. 


X 


reactance  of 


In  formulas 


the  windings  cr  the  transformer: 

ul  T  ux 

<5  27> 

(5-26)  ana  (5- c7)  : 


the  nominal  power  ci  transformer,  NVA;  l/,.»  -  nominal  voltage  o 
the  windings  cf  transformer,  *V ;  A*V.-  loss  cf  short  circuit  in 
transformer,  HH;  U*  -  voltage  drop,  o/o,  in  the  reactance  of 
transformer,  determined  according  to  formula  (9-7) . 


In  formulas  (5.24),  (5.25),  (5.26)  and  (5.27)  all  values  must 


WMiii.p.-mnu.  ,.  i,  l  ll  llll— 
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related  either  ho  the  side  cf  me  highest  (VS),  cr  tc  the  side  lowest 
(NN)  voltage. 
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Tables  8-2,  9-3  anc  9-4  give  the  values  cf  the  active 
reactance  cf  transformers  witn  respect  tc  the  side  VN.  The 
translation  of  these  resastcrs/iesistances  with  respect  to 
UN  is  conducted  accordinc  to  the  formulas: 


"mh 


gBH  t1'* 

-n~*  om; 


(S-28) 

(5-2S) 


X  — • 

.  _  AHH 

ftty  Cl  ) 

wh^re  n  -  a  transformaticn  ratio  cf  the  transformer: 


n  —  U^tK. 


(5-30) 


and 


the  side 


where  y,  -  relative  value  cf  voltage,  which  corresponds  to  this 
branching  of  the  winding  vti;  -  the  nominal  transformation  ratic  cf 
transformer. 


The  magnitudes  cf  losses  cf  voltage  in  the  transformers  with  the 
nominal  load  and  nominal  lead  voltage  fer  different  power  factors  are 
given  in  Table  5-29. 

Example  5-7.  To  determine  tne  losses  of  voltage  in  the 
transformer  10/0.4  kV  vita  a  power  of  63C  by  kVA  with  the  diagram  cf 
connections  of  windings  y/y»o,  1 1  the  lead  cf  transformer  S=50C  of  kVA 
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with  cos  *=0. 85,  branching  c f  tag  binding  of  transformer  -  5c/o  tha 
value  of  voltag?  on  the  secondary  side  of  transformer  u=Q. 39  kV. 


From  "^abla  9-2  for  tats  transrcrm«r  cf  63C  kVA,  10/0.4  kV  we  find 
the  active  and  reactance  of  tas  windings  of  transformer  through  the 
relation  to  side  VN: 

^BH  •=  1  •  91  JL  ) 

<Vbh  =  8,52 

Tha  nominal  transformation  ratio  of  transformer  is  equal  to: 

10 

—  0  4  s*  ^5* 

Actual  transformation  ratio  taking  into  account  the  selected 
branching  of  windings  is  determined  from  foraula  (5-30) : 

«- 0.35 -25  -  23, a 

He  recount  the  resistor s/r esistances  of  transformer  with  respect 

to  the  side  NN  according  cc  formulas  (5-28)  and  (5-29): 

*  23,8’  =  0Mi 

8.52  (<> 

,yHH  *■  23,8’  “*0'015 

Key:  0)  /i. 

Ifominal  line  voltage  on  tha  side  NN  cf  the  transformer 

I/*  — 0,38  kb. 

For  cos  0=0.85  sir.  v=U.S27. 


The  less  of  voltage  in  tne  transformer  we  determine  from  formula 
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Ta ble  5-29.  Loss  of  voltage,  o/c  in  the  step-down  transformers 
6- 35/C. 4/0. 23  kV  with  toe  ucainal  load. 


Note.  Table  is  comprised  fee  the  transformers,  prepared 


according  to  GOST  12022-66  ard  11920-66. 

Key:  (1).  Nominal  power  cf  transformer,  kVA.  12).  Nominal  voltage  cf 
winding  VN,  kV.  (3).  With  power  factor. 
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section  5*  i  if. 

SELECTION  OF  CONDOCTCBS  CN  1  fc  E  IfaEiMAL  AND  DYNAMIC  STABILITY  TO  THE 
CUBPENT  SHOBT  CIBCOIT. 

Conductors  and  conductors  an  electrical  networks  are  abcve  1000 
V,  as  a  rule,  are  subject  tc  checking  tc  the  conditions  heatings  by 
current  short  circuit. 

In  electrical  netwcrxs  tc  1000  7  to  the  thermal  resistance  are 
checked  only  the  conductors. 

An  increase  in  the  temperature  of  the  ceres  of  the 
isolated/insulated  conductors  and  cables  as  a  result  of  the  passage 
cf  current  short  circuit  leads  to  the  chemical  decomposition  of 
insulation  and  a  sharp  decrease  an  its  electrical  and  mechanical 
strength  and,  consequently,  also  tc  the  possibility  of  emergency. 
Therefore  are  establ ishe d/insta lie c  the  specific  maximum  pertissible 
limits  of  the  temperatures  an  the  icde/ccnditicns  the  short  circuits, 
indicated  in  Table  6-1. 
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Checking  cables  fee  the  nearing  froo  the  currants  short  circuit 
aust  be  conducted: 

1)  for  the  single  cades  ct  saall  extent,  cn  the  basis  of  the 
shert  circuit  the  beginning  ci  the  cable; 

2)  for  the  single  cades,  which  have  the  couplings,  on  the  basis 
cf  the  short  circuit  in  tne  beginning  of  each  section,  in  erder  tc 
have  the  capability  ty  steps/stages  tc  decrease  the  section  cf  cable 
over  its  length; 

3)  for  two  and  the  Bare  in  parallel  connected  cables,  on  the 
basis  of  the  short  circuit  it  is  direct  after  the  bean  (on  the 
through  current) . 

It  is  allowed/assuned  net  tc  check  conductors  under  the 
conditions  short  circuit  in  tne  case  cf  their  protection  by  safety 
fuses.  Line  is  considered  skieldad  by  the  safety  device/fuse  when  the 
disconnecting  ability  cf  safety  device/fuse  is  sufficient  for  the 
cutoff/ disconnection  cf  the  greatest  possible  eaergency  current  of 
line. 


For  th»  lines  tc  the  individual  electrical  receivers,  ircluding 
to  the  shop  transf crners  in  tctal  pewer  *c  1000  k?A  inclusively,  it 
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is  allowed/assumed  net  tc  cnecx  the  section  c£  conductors 
currant  short  circuit  witu  the  simultaneous  observance  of 
following  conditions: 

1.  In  th 3  electrical  cr  technological  part  is  provided 
redundancy,  which  guarantees  irca  the  disorder  cf  production  process. 

2.  Injury  of  conductors  with  short  circuit  cannot  produce  blast. 

3.  Is  possible  rep lace aant  cf  conductors  without  considerable 
difficulties. 

Por  the  lines  tc  the  individual  electrical  receivers  cr  small 
distribution  points  cf  ncncritical  destination  it  is  allowed/assumed 
net  tc  produce  checking  conductors  to  the  thermal  resistance  with  the 
short  circuit,  if  is  provided  crly  one  condition  2  (absence  of 
explosion  hazard) . 

The  wires  of  aerial  lines  tc  10  kV  are  net  checked  using  the 
current  short  circuit. 

The  permissible  strengths  ct  current  short  circuit  for  the 
cables  are  determined  in  depending  on  material  and  section  of  cable 
and  duration  of  the  passage  or  current  short  circuit. 


on  the 
the 
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The  thermal  action  cf  current  short  circuit  during  the  real 
transit  time  of  its  >».  is  cnaiacterized  by  the  value  of  fictitious 
time  j*  passage  of  steady  current  short  circuit  with  the  identical 
with  respect  to  thermal  action  effect. 

Fictitious  time  is  datersired  (on  curves  [l3,  page  92])  in 
depending  on  the  relation 

/" 

r-7— .  (6-i) 

where  I”  -  the  effective  value  cf  periodic  component  of  current  short 
circuit  into  initial  moment,  a;  /„  -  steady  current  short  circuit 
(effective  value),  a. 

Heal  time  U  is  composed  from  time  element, 
established/installed  ci  maximm-curreut  protection  line,  and  proper 
time  cf  the  disconnecting  apparatus  (switch  cf  power) . 

During  the  checking  by  toe  thermal  resistance  of  conductors  of 
lines,  equipped  by  the  high  speed  automatic  reset,  must  be  considered 
an  increase  in  the  heatirg  conductors  due  tc  an  increase  in  the  total 


duration  short  circuit 
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During  calculations  currant  snort  circuit  in  distribution 
networks  6-10  kV  very  frequently  me  attenuation  does  not  consider. 

In  this  case  fictitious  tiaie  can  ie  accepted  iy  the  egual  to  real  and 
the  problem  of  checking  tna  conductors  tc  ths  thermal  resistance  is 
simplified  by  the  absence  of  the  need  of  determining  the  fictitious 
time. 


The  section,  which  ensures  the  theraal  resistance  of  conductor 
to  the  current  short  circuit  with  the  assigned  aagnitude  of 
fictitious  time  U.  is  determined  from  the  expression 

f  =»  O’-2) 


where  F  -  a  section  of  the  cacle  core,  mm2;  C  -  constant,  determined 
in  depending  on  the  assignea  cy  EUE  final  teiperature  of  heating  of 
core  and  the  voltage;  rusancal  values  tc  the  constant  C  were  shewn 
in  Table  6-1. 


Is  given  below  "Table  6-2  rcr  checking  the  cables  to  the  theraal 
resistance,  comprised  according  tc  formula  (6-2)  in  the  values  of 
permissible  steady  currant  snert  circuit  in  the  kiloaaperes. 


In  addition  to  calculation  ror  the  theraal  resistance  the 


section  of  the  busbars  cf  ccnuuctcrs  must  be  checked  also  to  the 
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mechanical  strength  with  tne  snort  circuit  (dynamic  stability  cf 
conductor) . 

Table  6-3  gives  the  data,  necessary  for  testing  the  dynamic 
stability  of  the  busbars  ox  tne  conductors  cf  series  ShRA  and  shnA. 

Example  to  6-1.  It  is  necessary  to  select  cable  6  kV  with  the 
aluminum  veins/strands,  tnermally  resistant  tc  the  current  shcrt 
circuit  /»«s  kA,  assuming  mat  tne  attenuaticc  shcrt  circuit  virtually 
is  absent.  Time  element  cr  laniug  protection  from  the  side  of  the 
point/item  of  feed  0.5  s. 

Solution.  In  the  practical  absence  cf  attenuation  fictitious 
time  can  be  accepted  by  the  equal  to  real,  and  the  latter  is  composed 
from  time  element  of  the  maximua  protection  cf  line  and  proper  time 
cf  cil  breaker  and  relay  wnich  in  the  sus  can  be  accepted  equal  tc 
0.25  s. 

*♦-*■-0,5+0,25-0, 75  S. 

Consequently, 

aeinq  turned  to^aola  6-1,  tor  the  time  of  0.75  s  we  determine 
that  to  cable  with  the  aluminum  veins/strands  by  section  3x5C  mm2 
corresponds  the  permissible  strength  of  current  the  short  circuit  cf 
5.6  kA,  i.e.  with  the  civen  values  5  kA  cable  will  prove  tc  be 


J 
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The  same  we  can  obtain  directly  from  (6-2)  : 

/OS ' 

F  =1  5-  1  000-  - yy —  =  44  MM1‘ 

Example  6-2.  What  saximum  uae  element  should  be 
established/installed  cn  the  oil  creaker  of  the  feeding  line,  made  by 
the  cable  of  brand  SE  secticc  3x70  mm*  with  the  steady  short  circuit 
cf  closing/shorting  11  kA? 

Attenuation,  as  ir  tne  pr  eceamg/previc  us  example,  we  assume/set 
by  virtually  absentae. 

Solution.  On  tables  6-2  in  too  graph/ccunt  for  the  copper  cable 
by  section  70  mm2  we  ficd  the  value  of  current  the  short  circuit, 
which  exceeds  th«  assigned  magnitude.  We  have  11.7  kA.  This 
corresponds  to  the  fictitious  time  of  0.75  s.  consequently,  assuming 
that  the  proper  time  of  the  switch  cf  power  ard  relay,  as  in  the 
first  example,  it  will  net  exceed  C.25  s,  we  are  convinced,  that 
maximum  time  element  of  tne  pictection  of  line,  so  that  the  cable 
would  remain  resistant  tc  the  thermal  action  cf  current  short 
circuit,  it  must  not  exceed  C.5  s. 
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Example  6-3.  In  the  sncp  ct  industrial  enterprise  runs  itself 
distributive  conductor  wita  tne  aluminum  busbars.  Design  load  of 
conductor  350  A;  conductor  it  is  shielded  by  a  selective  autceatic 
switch  of  the  type  AV-4S,  the  tripping  tine  cf  which  with  the  short 
circuit  is  equal  to  0.6  s.  ‘Ihe  current  strengths  with  the  shcrt 
circuit  conductor  comprise: 

periodic  component  cf  prompt  current  shcrt  circuit,  equal  to 
steady  current  (attenuation  is  absent)  12  kA ; 

the  amplitude  of  prcmpt  current  the  shcrt  circuit  of  22  kA. 

It  is  necessary  tc  fit  the  type  cf  conductor. 

Solution.  According  to  the  condition  of  heating  by  calculated 
current  it  would  be  possicle  tc  accept  a  conductor  cf  the  type  ShRA 
60-4  to  rated  current  40C  A,  but  the  dynamic  stability  of  tha 
conductor  indicated  was  insufficient  (see  Table  6-3) :  10  ka<22  kA. 

The  condition  for  dynamic  stability  answers  the  following  type 
cf  conductor  ShRA  60-6  rated  current  600  A,  fcr  which  the  value  of 
the  permissible  amplitude  of  currant  short  circuit  is  25  kA:  25>22 
kA. 
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Ws  check  a  conductor  of  the  type  Sh FA  60-6  against  the  thermal 
resistance  with  respect  to  (6-2).  According  tc  the  condition  cf  the 
exanmle : 

A*  =  12  *a  =  1 2  000  a; 

/-#  —  /«  —0.S  Jk 

fictitious  tiaa  is  accepted  cy  the  equal  tc  real  tripping  time 
short  circuit,  since  the  attenuation  of  current  short  circuit  is 
absent)  . 

Value  of  constant  C  for  the  aluminum  bustars  is  determined  cn 
Hafcle  6-1; 

Cm  90. 

The  minimum  section  ox  tnt  busbars  cf  conductor  according  tc  the 

conditions  for  thermal  resistance  with  the  shcrt  circuit  is  equal  to; 

/O 

Fm.  12000-  — —  -  103  MM>. 

Th i  selected  type  cf  ccnuuctcx  satisfies  the  condition  for 
thermal  resistance,  since  tne  section  of  busbars  for  it  comprises 


60x6  =  360/»wia->1  03  mm2 
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Table  6-1.  Permissible  teape  latures  of  heating  the  conductors  also  of 
busbars  with  the  short  circuit. 


8a4  x  NITtpHU  npOKUM.Kl 


{S'JUlHHbl  MeflHue  . 

.  /5MUhhu  aJiioMMHHeBMe . 

[fcPlmu  cra.ibHue,  He  HMetouuie  HenocpeACTSCH- 

'  Horn  coeamemm  c  anna  pa  tom . 

(THUmiM  ctanbHue  c  HenocpeJCTBeHHbist  coeiH- 
/  HeHHeM  c  anna  pa  tom . 

/SXaOenH  c  flyMawHofi  nponmaHHoft  H3onim:iefl 
C  BanonHcenneM  ao  10  M  c  neauuMH  h  a.vo- 


HanpaHCCHHeM  ao  10 

MHHHeBUMH  Hdt.iaMH  , 


/g\Ka6enH  h  «3oaHpoB3HHue  npoBoaa  c  no.iH* 

L  XAOpBHHHAOBOM  HAH  peSHHOBOH  H30AHUHeft  C 

Me  ARM  MB  H  aatOMHHHeBUMH  HtH.T3.MH  .... 

/ f*^MeaHbie  ro.ibie  npoaoaa  npff  laxautax  Heme 

,  2  xr /mm? . 

OOTo  ace  npn  TRHteHHSX  fionee  2  *r /mm*  .  .  . 
Aj^AaioMHHHeobie  ro.ibie  npoaOAA  npH  thhcchhha 

//lTTo  *e  npn  THiKeHHHx  fioaee  1  kF/mm'  .  .  . 
7?viAAi0MHHiKBaR  HacTb  cTajieajnoMHimeaMX  npo- 
c  boaob  . 


IvA.iioMHHHeBjH  HacTb  cTaaea.iioMBnHeabix  npo- 


WaicrfLtbUja* 

AonycTMmx 

reAiaepar/pa. 

•c 

(?) 

3mieHne 

dMtHTa  C 

300 

165 

200 

90 

400 

66 

300 

60 

98 

200 

145  . 

83 

150 

122 

250 

165 

200 

145 

200 

98 

160 

85 

200  | 

98 

Notes:  1.  The  values  cf  value  C  are  determined  with  mean 
operating  temperatures  c i  75°C  fer  the  busbars  and  by  50°c  fer  the 
wires  and  and  cables. 


2.  In  numerators  c f  fractions  are  shown  values  of  value  C  for 
aluminum,  in  denominators  -  for  copper. 


Key:  (1).  Fora  and  material  of  conductor.  (2).  Greatest  permissible 
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temperature.  (3).  Value  or  coefficient.  (4).  Eustars  (copper.  (5). 
Eusfcars  (aluminum.  (6).  Eustars  steel,  which  dc  not  have  direct 
connection  with  apparatus.  (7) .  Eusbars  steal  with  direct  connection 
with  apparatus.  (9) .  Paper-insulated  cables  voltage  to  10  kv  with 
copper  and  aluminum  veins/strands.  (9) .  Cables  and  insulated  wires 
with  oolychlorovinyl  or  rubber  insulation  with  copper  and  aluminum 
veins/strands.  (10).  Copper  bare  wires  with  stresses  are  less  than  2 
kg/mm2.  (11).  Then  with  stresses  is  more  than  2  kg/mm2.  (12). 


Aluminum  bare  wires  vita  stresses  are  less  than  1  kg/mm2.  (13).  Then 
with  stressas  is  more  than  1  kg/mm2.  (14).  Aluminum  part  of 
steel-aluminum  wires. 
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Table  6-2.  Permissible  strengths 
cables  with  the  paper  insulation 


or  current  the 
tc  the  voltage 


short  circuit  of 
6-1 C  kV  according 


tc 


the  conditions  of  theraal  resistance,  kA.  . 


Ccttiiwe  KafcjitA.  mm* 


V 

16 

a 

35 

j  SO 

TO 

05 

ISO 

ISO 

185 

(.■l}  AAtOMtHueatue  xcuam 

0,25 

3.12 

4,83 

6.85 

9.75 

13.70 

18.50 

23.40 

29.25 

36,00 

0,5 

2,20 

3.45 

4,80 

6.90 

9.65 

13.00 

16.50 

20.00 

25,45 

0,75 

1,80 

2,80 

3.95 

5.60 

7.90 

10,65 

13.50 

16.90 

20,50 

1.0 

1,56 

2,44 

3.40 

4.85 

6.80 

9,25 

11,80 

14,60' 

18.00 

1 .5 

1  ,28 

2,00 

2,80 

4,00 

5.55 

7,55 

9,55 

11,90 

14,75 

2.0 

1 .10 

1  .72 

2,40 

3.45 

4,80 

6,55 

8.25 

10.30 

12,75 

2,5 

0.085 

1.54 

2.16 

3.08 

4.30 

5,85 

7,40 

9,20 

11,40 

3.0 

0,00 

1,40 

1.97 

2.80 

3,95 

5,35 

6.75 

8.40 

10.40 

3.5 

0.83 

1,30 

1,80 

2.60 

3,65 

4,95 

6,25 

7,80 

9,60 

4.0 

0.78 

1.24 

1,70 

2.44 

3.40 

4,65 

5,85 

7,30 

9.00 

4.5 

0.73 

1.15 

1.60 

2.30 

3.20 

4,35 

5.50 

6,90 

8,50 

5.0 

0.70 

1 . 10 

1.52 

2,18 

3,00 

4.15 

5,23 

6,53 

8,10 

0,0 

0.66 

1.04 

1.45 

2.10 

2,90 

3.95 

5,00 

6.23 

7,70 

6,0 

0.640 

1,00 

1.40 

2,00 

2.80 

3,80 

4.80 

6.00 

7,35 

fr 

Medw* 

?  MUM 

4 

0.25 

4,63 

7,25 

10,2 

14,5 

20,2 

27,5 

34.8 

43.5 

53.5 

0.5 

3.28 

5,12 

7. 16 

10,4 

14,3 

19,5 

24,5 

30,7 

38,0 

0.75 

2,68 

4,19 

5,85 

8,37 

11,7 

15,9 

20,0 

25,0 

31,0 

1.0 

2.32 

3.63 

5,00 

7,25 

10,1 

13,8 

17,4 

21.8 

26.8 

1.5 

1 .90 

2,06 

4.15 

5,92 

8.30 

11. 3 

14,2 

17.8 

21,9 

2.0 

I.G4 

2,56 

3,58 

5.12 

7,18 

9,72 

12.3 

16,6 

19,0 

2.5 

1.47 

2,30 

3.20 

4,58 

6,42 

8,71 

11,0 

13,8 

17,0 

3,0 

1.34- 

2.10 

2,93 

4,19 

5,86 

7,95 

10.0 

12.6 

15,5 

3.5 

1.24 

1.94 

2,71 

3,88 

5,43 

7,36 

9,30 

11.6 

14.4 

4.0 

1.16 

1.81 

2,50 

3,62 

5,05 

6,90 

8,70 

10,9 

13,4 

4.5 

1.00 

1.70 

2,39 

3.41 

4.78 

6,48 

8,20 

10,2 

12,6 

5.0 

1 .04 

1 ,62 

2.27 

3,25 

4,55 

6.16 

7,80 

9.75 

12.0 

5.5 

0,00 

1,55 

2.16 

3.09 

4,32, 

5,86 

7,40 

9,25 

11.4 

6.0 

0,05 

1,48 

2,07 

3,06 

4.15 

5,63 

7,10 

8,88 

11.0 

Key:  (1).  Section  of  calies.  U)  .  Aluminum  veins/strands.  (3).  Copper 
veins/strands . 
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S°ction  5fcve  n 


Testing  the  conditions  rcr  functioning  shielding  apparatus  during  the 
single-phase  closing/shcitin g  at  cue  nets  by  voltage  to  1000  V  with 
the  dead  ground  of  neutral. 

In  electrical  natscrxs  cy  voltage  tc  1000  v  with  the  dead  ground 
of  neutral  must  be  provided  raliaola  cutof f/disccnnection  with 
shielding  apparatus  single-phase  snort  circuit.  This  is  dictated  by 
the  requirements  of  safety  engineering. 

Calculation  points  for  datermining  the  strength  of  current  short 
circuit  are  the  outermost  (in  the  electrical  sense)  points  of  net, 
since  to  precisely  these  points  corresponds  the  small  value  of 
current  single-phase  short  circuit. 

The  value  of  single-pnase  current  short  circuit  can  be 
determined  according  tc  tne  approximation  foriula 

'--STZT’  ‘7-’> 

where  t/#  -  phase  line  vcltage,  in;  -  impedance  of  stsp-down 
currant  transformer  cf  contact  to  rrame  vault  obi;  z, -  impedance  of 


nsr-i-'a#  * 


DOC  =  30040308 


F  AG£. 


3V° 


loop  phase  -  zero  lines  to  the  outermost  point  cf  net,  ohm. 


Computed  values  impedances  of  the  step-dcwn  transformers  during 
the  single-phasa  closings/sncrtings  are  given  in  Table  7-1. 


For  the  transformers  whose  power  is  more  than  630  kVA  during  the 
determination  of  current  snort  circuit  it  is  possible  to  accept: 


Impedance  of  the  lccp  or  wiras  or  cable  cores  cf  lina  is 
determined  from  the  foriula 

(7-2) 

where  R.  -  the  affective  resistance  of  phase  UW  and  zero  (R0)  of 


wires,  ohm; 


*■  -  inductive  reactance  of  tte  Iccf  of  wires  or  core  of  cable,  ohm. 


The  effective  resistance  cf  wires  from  the  ncnfefrous  metals  are 
determined  on^able  5-1.  The  averaye/oean  values  of  inductive 
reactances  of  the  loops  cf  wiras  or  cores  of  cables  from  the 
nonfarrous  metals  on  1  k>  or  lire  they  were  given  in  Table  7-2. 


For  the  steel  wires  inductive  reactance  cf  the  loop  of  wires  is 

determined  from  the  fcriula 

*,-jr,'+.r.«+rv..  (7-«> 
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where  *'«  -  external  inductive  reactance  cf  lccp  froa  the 
straight/diract  and  return  conductors,  equal  for  aerial  line  by 
voltage  to  1000  7  of  0.6  fl/ica;  *'•.«  and  -  internal  inductive 

reactances  of  the  respectively  straight/direct  and  return  conductor 
cf  line,  Q/kra. 
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Notes:  1.  Table  is  comprised  cn  the  basis  cf  materials  j22  ]. 

2.  Fcr  step-down  transformers  with  voltage  cf  secondary  windings 
230/1  33  V  the  values  of  rasa.stcrs/rasistances  are  3  times  less  than 
indicated  in  Table  7-1. 

3.  Conventional  designations  cf  diagrams  cf  connections  cf 
transformers:  Y  -  star;  »,  -  star  with  derived  zero  point;  D  » 
triangle. 

Key:  (1).  Type.  (2).  Nominal  pcwar,  kVA.  (3).  vcltage  of  winding  VN, 
kV.  (4).  Connection  diagram.  (5).  X  *»i  ped  »•*  ce  Z71  C?Awn  . 


Page  179. 

Active  and  internal  inductive  reactances  fcr  the  steel  wires  are 
determined  from^fable  5-4  in  depending  on  the  strength  of  calculated 
minimum  current  short  circuit. 

The  values  impadances  cf  leaps  for  the  wires  of  cores  of  cables 
frem  the  nonferrous  metals  cn  1  km  of  line  they  were  given  in  Table 
7-3,  and  for  the  steel  stranoea  wires  -  in  Tatis  7-4. 
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Table  7-5  gives  the  cesisrcrs/resistanc es  cf  loop  "phase  -  zero" 
for  aluminum  triple-cores  carle  in  alumitum  shell  luring  the  use  by 
the  latter  as  the  neutral  ccnauctor. 

Table  7-6  shows  the  rssistcrs/resistances  cf  loop  the  "phase  cf 
triple-core  cable  -  steel  scrip"  for  unarmoured  cables. 
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Jable  7-2.  Tha  average/mean  values  of  inductive  reactances  of  the 
loop  of  straight /direct  and  ratum  conductors  or  core  of  cable,  made 
frctn  nonferrous  metals  £/*■. 


0 1 


Ycaam  npouadK* 


£53 

HftayKTKmwe 

eoapoTMM<»ita 


^-'>Ka6*jib  flo  1  ««  tun  nposofla,  npo.iOMeHHue  a  rpy- 

/vIHaanapoadHuaie  npoaoaa  xa  paiHxax . 

/j^lpoBOfla  Ha  Hsojurropax  BHyipH  novemeHHfl  hjih  no 

l  MpywiniM  crana  kuhh* . 

f  ^'^oaayumue  .ihhhi  Htmoro  RaopaxeMH* . 


0,15 

0,4 

0.5 

0.6 


Key:  (1).  Conditions  of  separatcr.  (2).  Inductive  reactances.'  (3). 
Cable  to  1  lev  or  vires,  laid  in  tuces.  (4).  Irsulated  vires  cn 
rollers.  (5) .  Miras  cn  insulators  indoors  or  cn  external  vails  of 
building.  (6) .  Serial  lines  ct  lev  voltage. 
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In  the  electrical  devices  eith  dully  grounded  neutral  the 
admittance  of  the  grcurding  conductors  taking  into  account  the 
natural  grounding  electrodes  Bust  comprise  net  less  than  50o/c 
conductivity  of  the  phase  conductor  of  acst  pcwerful/thickest  line 
from  a  number  feeding  tnis  electrical  device  cr  separate  electrical 
receivers. 

In  all  cases  the  sections  cr  grounding  conductors  must  be  not 
below  minimally  permissible,  given  in  Table  7-7. 

The  grounding  conductors,  specially  intended  for  this  purpose, 
must  run  itself  together,  also,  in  immediate  proximity  of  the  phase 
conductors.  During  the  use  of  tte  natural  grounding  conductors  they 
must  be  arranged/locatec  alsc  in  isaediate  proximity  to  the  phase 
conductors. 

With  the  wiring  steel  tunes  or  execution  cf  line  armored  cable 
by  most  reliable  is  the  use  fer  tne  grcurding  cf  the  fourth  core  of 


wire  cr  cable 


Table  7 -S,  Impedances  of  the  locp  "phase  zerc"  cf  three-strand 
aluminum  cables  during  the  use  cf  rieir  alumirum  shells  as  neutral 
conductor,  fl/icm. 


Key:  (1).  section  of  catls  cere, 
"phase  zerc",  ohm. 


U)  •  Resistcr/resistance  cf  loop 
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Reliable  cutoff/disccnnectior  with  shielding  apparatus 
single-phase  short  circuit  will  re  provided  under  rfce  ccnditicn  of 
fulfilling  the  relationship/racic 

.  (7-5) 

whera  -  permissible  multiplicity  of  minimum  current  short  circuit 
with  resoect  to  the  rated  current  fly  smelting  the  insert  of  safety 
device/fuse  either  to  spill  current  or  tc  rated  current  of  the 
maximum  release  of  the  automatic  machine  f»i  >•  -  the  smallest  value 
cf  single-phase  current  the  snort  circuit,  determined  according  tc 
formula  (7-1) ,  A. 

In  accordance  with  the  requirements  POE  the  permissible 
multiplicity  of  minimum  current  short  circuit  must  he  not  less  than  3 
with  respect  to  the  ratec  current  smelting  the  insert  of  safety 
device/fuse  and  the  rated  current  cf  the  release  of  the  automatic 
switch,  which  has  the  conversely  dependent  cn  the  current 
characteristic,  and  not  lass  than  with  respect  to  the  spill 

current  of  the  automatic  switch,  wnich  has  cnly  electromagnetic 
release  (K,  -  coefficient:,  wnich  calculates  the  spread  of  the 

characteristics  of  releasa  cn  tee  nasis  cf  the  data  of  plant) . 
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^able  7-6.  Impedances  cf  lccp  tne  "phase  of  three  vein/strand  cable  - 


st«el  strip",  Q/km. 
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Ceiemie 

mat*  An. 


3X4 

3X6 

3X10 

3X«6 

3X25 

3X35 

3X50 

3X70 

3X05 

3X120 

3X150 

3X185 


■  MTtpUU 

■ittia 


tyoK  cpa&iTbiBami* 
MaKcimajibiioro  pac- 
uemiTe.ni  aBToxan, 

FfioUHHa.IbHhlfl  TO* 

luiaaiioA  BCTasKH  8e- 

r  \3UHcpuiiOHHoro  ripe¬ 
ly  AOTpaHHTt.lB,  a  .  . 
Ma^cpiu.i  xou  k afens: 
IVjMeah 
/CjrjA.iioMimnA 
1-  Me. lb 
A.homhhhA 
Aleak 
A.homhhrA 
Meflb 
A.homhhhA 
.Meab 

A.homhhhA 

Meab 

A.'.wmhhhA 

Meab 

A.homiihmA 

Meab 

A.homhhhA 

Meab 

A.tiomhhhA 

Meab 

A.homhhhA 

Meab 

A-homhhhA 

Meab 

AannimnA 


ZP 


PUNCPU  CTUkHOt  BMOCU,  MM 


a>x« 


ISO 


60 

9.59 

13.52 

7.76 

10.34 

6.36 

7,86 

5.6 

6,49 

5.14 

5.70 
4.91 
5.30 
4.75 
5.02 
4.64 
4.83 
4.57 

4.70 

4.51 
4.62 
4.47 
4.56 
4.44 

4.52 


I  4  00 


n 


40X4 


200 


1400 


250 


100 


1400 


600 


80  |  600 
no.moe  conpoTHBaeHBe  neTjm,  oar/* cm 


100X4. 

100X5. 

»X4 

60X4 

BBX4 

' 

- - - 

60X4  | 

100X6 

100X1 

8.42 
12,35 
6.59 
9.17 
5.19 
6.69 

4.43 
5.32 
3.97 

4.53 
*.« 
4.13 
3.58 
3.85 
3.47 
3.66 
3.40 

3.53 

3.34 
3.45 
3.30 
3.39 
3.27 

3.35 


7.82 

11.79 

5.97 

8.59 

4,55 

6.07 

3.78 

4.68 
3.31 
3.88 
3.09 
3.48 
2.92 
3.19 
2.81 
3.0 

2.73 
2,87 

2.69 
2,8 
2.65 

2.74 
2.63 
2.7 


7,45 

11.42 

6.60 

8.22 

4.18 

5.7 

3.41 

4.31 
2,94 
3.51 

2.71 
3.11 
2,55 

2.72 
2.44 
2.63 

2.36 
2.50 

2.32 
2,43 
2.28 

2.37 
2.26 

2.33 


7.40 

11,37 

5.54 

8.17 
4.11 

5.63 
3.32 

4.24 
2,86 
3.43 

2.64 
3.03 
2,47 
2.74 
2,37 

2.55 
2.29 
2.42 

2.24 
2.35 
2.21 
2.29 

2.18 

2.25 


7.17 

11.14 

5.31 
7.94 

3.98 

5.4 
3.09 
3,01 
2.63 
3.2 

2.4 
2.8 
2.24 

2.5 
2.4 

2.32 
2,06 
2,19 
2.01 
2.12 

1.98 
2,06 
1.95 
2.02 


300 

1  400 

400 

£1  400 

500 

120 

600 

150 

GOO 

200 

7.14 

6.92 

6,82 

6.59 

6.56 

11.13 

10.91 

0.81 

10.58 

!0.5o 

5,27 

5.05 

4.95 

4.72 

4,68 

7.92 

7.7 

7.61 

7.38 

7,3* 

3.83 

3.61 

3.5 

3.27 

3.22 

5.37 

5.15 

5.05 

4.82 

4.77 

3.04 

2.82 

2.71 

2.48 

2.42 

3.96 

3.74 

3.64 

3.41 

3.36 

2.57 

2.35 

2.24 

2.01 

1 .95 

3.15 

2.93 

2,82 

2.59 

2.53 

2.35 

2.13 

2.01 

1.78 

1.73 

2.74 

2.52 

2.41 

2.18 

2.12 

2.19 

1.97 

1.86 

1.63 

1 .57 

2.45 

2.23 

2.12 

1.89 

1.83 

2.08 

1.86 

1.75 

1.52 

1.46 

2.26 

2.04 

1.93 

1.7 

1 ,64 

2.01 

1.79 

1.67 

1.44 

1 , 38 

2.14 

1.92 

1.8 

1.57 

1,51 

1.96 

1.74 

1.63 

1.4 

1.35 

2.07 

1.85 

1.74 

1.51 

1.45 

1.93 

1.71 

1.60 

1.37 

1.31 

2,0! 

1.79 

1.65 

1.47 

1.39 

1.90 

1.68 

1.58 

1.35 

1 .28 

1  1,96 

1.74 

1.64 

1.41 

1.35 

1  400 


600 

6.45 

10.45 
4.57 
7.23 
.3.1 
4.66 
2.31 
3.25 
1.84 
2  42 
1.62 
2.01 
1.46 
1.72 
1.35 
1.53 
1.27 
1.40 
1.24 
1.34 
1.2 
1.29 
1.17 
1.24 


Note.  The  resis tor/resista cce  of  locp  the  "phase  of  cable  - 
steel  strip"  does  not  remain  constant  for  the  indicated  in  the  table 
values  of  current,  since  the  resistcr/resistacce  of  resistance  is 
determined  by  interpclaticn . 


Ke  y 


(D 


Section  of  cade. 


(4) 


Current  and  material  of  cere  of 
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cable.  (3) .  Sizes/dimensicns  c:  steal  strip.  (4)  .  Spill  current  of 
maximum  release  of  automatic  aachire,  A.  (5).  Hated  currant  by 
smelting  insert  of  inertia-free  safety  device/fuse,  A.  (6).  Paterial 
cf  core  of  cable.  (7).  Impodance  or  loop,  G/ks.  (8)  .  Copper.  (9). 
Aluminum. 
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For  the  nets,  run  in  the  dangerously  explosive  locations,  the 
permissible  multiplicities  cf  current  shert  circuit  increase  to  value 
of  4  with  respect  to  the  rated  current  by  smelting  the  insert  of 
safety  device/fuse  and  6  with  respect  to  the  rated  current  of  the 
release  of  automatic  switch  with  the  conversely  dependent  cn  the 
current  characteristic . 


For  the  nats,  shielded  cnly  fzem  the  currents  short  circuit,  in 
the  nacassary  casas  (fer  example,  for  the  tuning  cut  from  the 
currents  of  the  self-start  cf  engines)  is  allcwed/assuaed  the 
overestimate  of  tha  currents  cf  tne  fuse  links  cf  safety 
devicas/fuses  and  settings  cf  tfce  releases  cf  automatic  machines  in 
comparison  with  the  values,  indicated  in  Table  4-50,  but  in  this  case 
tha  multiplicity  of  current  snort  circuit  must  hava  a  value  ret  less 
than  5  with  respect  tc  the  ratec  current  by  sielting  the  insert  of 
safety  device/fuse  and  net  less  taan  1.5  with  respect  to  tha  spill 
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current  of  the  electromagnetic  release  of  automatic  machine. 

The  values  of  the  permissible  multiplicity  of  current  shcrt 
circuit  for  the  varied  ccnuiticrs  cf  the  separator  cf  net  are  given 
in  Table  7-8. 

Example  to  7-1.  Fig.  7-1  depicts  the  schematic  of  four-wire 
aerial  line,  made  by  aluminum  wires  and  that  obtaining  feed  frcm  the 
busbars  of  the  distributing  frame  280/22C  V.  The  neutral  of  system  is 
dully  grounded.  The  sections  or  wires  and  length  of  the  sections  of 
line  are  shown  in  Fig.  7-1. 

Disregarding  the  resistcr/resistance  of  external  net  to  the 
busbars  of  panel  and  the  resistcr/resist ance  cf  transformer,  to  check 
th®  action  of  shielding  apparatuses  with  the  single-phase  shcrt 
circuit  at  the  outermost  points  cf  line  under  the  condition  for 
fulfilling  requirements  EUE  (see  Table  4-50)  for  the  following 
versions: 

1.  Line  is  shielded  ny  safety  devices/fuses  with  the  fuse  links 
to  the  rated  current  8C  A. 

2.  Line  is  shieldea  by  automatic  switch  cf  type  A  3124  with 
combined  releases  to  rated  current  100  A. 


BE 


-use: 
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^ablo  7-7,  Hinitnum  sections  cf  th«  coppftr  and  aluainu.  grounding 
conductors  in  the  electrical  davices  to  100C  V. 


63 


(n  1 

HaHMCHoUHMR  apoaoaHMKoa 

OtCMIl  BpOflOABMUM.  MM* 

fejueAMMX 

ro.lbie  npOBOJHIIKH  npH  OTKpblTOH  npo- 

K.ianne . 

3l30.inpoB3Hiibie  npoooaa . 

4 

6 

t.s 

2.5 

'3a3eM.i»K)uiHe  atH.ibi  Kafe.iefl  hjh  MHoro- 
'  MH.tbHbiX  n  pOttO  JO  a,  HdXOAftmHXai  B 

o6uitk  aauiHTHoA  otio.HNxe  c 

Mii.iaMH . 

1 

1.5 

Key:  (1).  Designations  ct  conductors.  (2).  Sections  of  conductors. 

(3) .  copper.  (4) .  alumirua.  (5) .  Bare  conductors  with  surface  work. 
(6).  Insulated  wires.  (7).  Grounding  cable  ceres  or  stranded  wires, 
which  are  located  in  ceneral/ccaacn/tctal  shielding  shell  with  phase 
veins/strands. 


3*18 -VKO 

0 

/  . 

A 

0.1km 

O.OSkj*. 

>70*!‘J3 

J*70~/’3J 

j*ji  *i*is 

yl  007 KM 

b 

0,08  km 

r  0.13km 

i  i 

1 

Fig.  7-1.  Diagram  for  example  tc  7-1. 
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3.  Line  is  shielded  by  automatic  switch  cf  type  A  3124  with 


electromagnetic  releases  with  setting  of  spill  current  600  A  1 
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FOOTNOTE  i.  Th®  considerations,  according  tc  which  is  selected  one  cr 
another  protector,  here  are  net  examined.  An  example  has  the  limited 
target  of  -  showing  the  typical  cases  of  testing  the  shielding 
cutcff/lisconnection  with  tae  single-phase  short  circuit. 

ENDF  OOTNOTE. 

Solution.  The  condition  ioi  functioning  protectors  we  check 
according  to  formula  (7-5).  He  determine  the  resistcrs/resistances  of 
the  loop  of  the  phase  and  neutral  conductors  of  line  with  the 
single-phase  short  circuit  at  such  point  for  which  the  value  cf 
resistor/resistance  it  will  te  greatest.  Thr cugh^atles  7-3  we  find 
the  values  of  the  specific  resistors/resistances  cf  loop  "phase  - 
zero"  for  the  sections  ci  the  sections  of  the  line: 

(\ 

3  X  70+1  X  35  *,-1.53  om/km; 

3  X  36+1  X  16  *,-3,0  om/km-,  ® 

3  X  16+ 1  X  16  *,—4,03  om/km.  (j) 

Key:  (1)  .  Q/km. 


*?* 
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^abla  7-8.  Values  of  the  pemiosicle  minimum  multiplicity  of  current 
short  circuit  with  respect  to  tea  current  of  shielding  apparatus. 


& 


/OjAoaycriiua*  RpatMocrk  tokj  k.  j.  no 

**  OTMOttlCHMO 

fa 

/coin  npoK4.AKn 

fa 

k  HruntuA*- 
uomy  tor/  1 
miatRoA 
•craMH  npe*  , 

AOXpJMNTeAS 

(y> 

X  TOKJT  ycTik- 
km  cpaGaruai* 
hub  aarouaTii* 
HCCKOrO  BM* 
mtiofBTeJiB. 
itMeioittero 

TOUbKO  Mex* 

TpOMarHirriiwft 

ptcucnureAk 

(OTcmy) 

& 
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yCSOBHH  BUnaiHCKHM  TpeflO- 
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3 

i.i/r. 

3 

Cerb  npojioweja  a  xesapu- 
■oonacHOM  oohcsuchhii  npti 
ycjtoBHH,  <rro  Tpefaaamut 
nfiui.  4-50  se  auno-iimicrrca 

5 

1.5 

Cerb  npanoxeHa  bo  S3pu- 
booimcboh  noMcmeuHH  .  .  . 

4 

I .  I/Cp 

6 

Notes:  1.  KP ,  -  coefficient,  which  considers  the  spread  cf  the 
characteristics  of  automatic  switches  with  the  electromagnet ic 
release. 


2.  In  the  absence  cl  data  cf  plant  about  guaranteed  accuracy  of 
setting  cf  spill  current  of  autcmatic  switch  with  electromagnetic 
release  (cutoff)  it  is  aliowed/assumed  tc  take  value  cf  coefficient 

*,  for  automatic  switches  for  rated  current  tc  100  S  equal  tc  1.4, 
higher  than  100  A  -  squal  tc  1.25. 

3.  With  difficulty  in  fulfilling  of  requirements  cf  these 
indicated  in  Table  7-8,  is  allowea/assuraed  uss/application  of 
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high-speed  protection  from  clcsing/shorting  tc  the  earth. 

Key:  (1).  Conditions  of  separator.  (2).  Permissible  aultiplicity  of 
current  short  circuit  according  tc  relation.  (3)  .  tc  rated  current  ty 
smelting  insert  of  safety  device/ruse.  (4) .  tc  current  of  setting  of 
functioning  automatic  switch,  whicn  has  only  electromagnetic  release 
(cutoff).  (5).  tc  rated  current  cf  release  cf  automatic  switch  with 
conversely  dependent  cr  current  characteristic.  (6).  Net  is  laid  in 
nonexplosive  location  under  ccnditi.cn  for  fulfilling  requirements 
tables  4-50.  (7).  Nat  is  laid  in  ncnexplcsive  lccaticn  when 

requirements  table  4-50  are  not  made.  (8).  Net  is  laid  in  dangerously 
explosive  location. 

Page  186. 

He  determine,  which  of  the  points  D,  or  E  is  calculated. 
Resistor/resistance  cf  the  lccg  between  the  Feints  G  and  D 

4.03  x  0,08-  0,323  X\ . 

resistance  of  the  locp  between  tha  points  G  and  E 

3X0,13-0,39  J\ 

Calculated  proves  tc  oe  pcint  E.  Impedance  cf  locp  "phase  - 
zero"  between  the  points  A  and  E  comprises: 

Z,- 1,53(0,07  +0,08)  +0,39-  0,62  f)_ 

Nominal  phase  vcltaca 


DOC  =  30040303 


PAGE 

C/.-220  V- 

He  determine  the  value  cr  single-phase  current  with  the  short 
circuit  at  the  outermost  point  E  or  net  (according  to  the  condition 

of  an  example  one  should  accept  0): 

,  220 

*  5762  ™  355  a. 

He  check  satisfaction  cf  condition  (7-5)  for  all  three  versions 
of  the  protection  of  line. 

Version  1.  The  permissible  minimum  multiplicity  of  current  short 
circuit  with  respect  tc  the  rated  current  bj  smelting  the  insert  of 
safety  ievice/fuse  according  tc 1anle  7-8  is  equal  to: 

Hence:  3*80=240  A<355  A. 

Thus,  the  reliable  action  ct  the  shielding  line  safety 
devices/fuses  is  provided. 

Version  2.  The  permissiole  multiplicity  cf  current  short  circuit 
with  respect  to  the  thermal  eleaent/cell  of  the  combined  release, 
which  has  the  conversely  depending  on  the  current  characteristic,  is 
equal  to: 

Knm3. 

Hence  relaticnshi p/ratic  (7-5) 


3-100  -  300  a <355 
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is  fulfilled  and  the  required  SUE  degree  of  reliability  of  the  action 
of  shielding  apparatus  is  provided. 

Version  3.  According  tc  tne  data  of  plant  the  guaranteed 

accuracy  of  setting  for  the  automatic  switches  of  the  type  A  3124 

composes  ♦- 15o/o.  After  taxing  as  m  accordance  with  the  indication 

^abl-s  7-8  safety  factor  egual  tc  1.1,  we  will  obtain: 

tfn-l.l-  1.1S-I.27; 

1.27 ■  600-760  a>355  fi 

The  reliability  of  tae  action  of  automatic  switch  with  the  short 
circuit  at  point  E  is  net  provided. 

Page  187, 

Example  7-2.  In  the  system  with  dully  grounded  neutral  with  the 
voltage  380/220  v  the  lma  is  snialded  by  safety  devices/fuses  with 
the  fuse  links  to  the  rated  current  100  A.  Assuming/setting  zi-o,  to 
determine  the  maximum  length  or  line  at  which  will  be  provided 
reliable  blowing  with  the  single-phase  short  circuit  at  the  end  of 
the  line  for  the  following  versions  of  the  execution  of  the  line: 

1.  Aerial  line  witn  toe  aluminum  wires  fcy  section  3x50*1x25  mm2. 


k 
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2.  Triple-cere  cable  with  aluminum  cores  kith  section  3x50  a*2 
in  aluminum  shell,  utilized  as  ground  wire. 

3.  Three-strand  uraimourcd  cade  with  aluminum  veins/stxands  by 
saction  3x50  am2  with  grounding  busbar  in  the  fcrm  cf  steel  strip  by 
section  50x4  ma. 

Solution.  On  Table  7-8  we  determine  the  minimally  permissible 
multiplicity  of  current  tne  snort  circuit: 

K„~l 

Smallest  permissible  value  of  single-phase  current  the  short 
circuit 

/.«3 .100-300/9 

Taking  into  acccurt  that  tnrough  the  condition  cf  example  zT=*o. 
we  find  through  formula  (7-1)  the  great  peraissible 
resistor/resistance  "phase  -  zero"  the  line: 

Z.<3gg  =.0.733  iX. 

le  determine  the  specixic  resistor/resistance  to  1  km  of  loop 
"phase  zerc": 

for  version  1  on  ^able  7-i 

*-2,03 

for  version  2  on  Table  7-5 


*•-1.03  /k*] 
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for  version  £  on  ^able  7-o 

*--2.74  fL/ktK. 

The  maximum  permissioxe  lengths  of  line  will  be  equal  tc: 


version  1 


version  2 


version  3 


0.733 

^T®*0,36  **' 


«nr-0TI  “■ 


0.733 

l  <  JT74-  *“  0,267  km. 


The  maximum  length  cf  line  is  provided  by  the  use/application  of 
a  cable  with  the  use  cf  an  aluminum  shell  as  the  grounding  (zero) 


wire 
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Section  Eight 

SELECTION  OF  WIRES  AND  CABLES  CN  TdE  ECONOMIC  CURRENT  DENSITY. 

"^he  "rules  of  the  device/eyuifme nt  cf  electrical  devices" 
sstablishad/installed  eccncaic  currant  densities  cn  which  must  be 
selected  the  sections  ci  the  wires  of  aerial  lines  and  cores  cf 
cables. 

Economic  current  density  is  determined  frca  Table  8-1. 

The  section  of  conductor  according  to  the  condition  of  economic 
current  density  is  determined  from  the  formula 

F#  “  t  MM1,  (8-1} 

where  I  *  calculated  current  cf  line,  a; 

/»—  economic  current  density,  A/rni*,  taken  on  tables  8-1. 


-r- 
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Tha  calculated  current  of  line  is  accepted  from  the  conditions 
for  normal  operation  and  during  its  determination  is  not  considered 
an  increase  of  the  currert  in  tfce  line  with  the  emergencies  cr  the 
repairs  in  any  elements/ceils  cf  net. 

The  obtained  on  (8-1)  section  of  conductor  is  rounded  off  before 
the  nearest  standard  section. 

With  the  use "tables  3-1  it  is  necessary  to  be  guided  by  the 
following : 

1.  With  the  maximum  currant  load  in  the  night  time  economic 
current  density  is  raised  cy  4dc/c. 

2.  For  insulated  wires  by  section  16  mm2  and  less  economic 
current  densities  increase  by  4Co/c. 

3.  For  lines  with  identical  section  of  conductors  all  over 
length  and  different  leads  in  irdividual  sections  their  (Pig.  3-1) 
economic  current  density  for  initial  section  increases  in  comparison 
with  values,  indicated  ic  Table  8-1,  K ,  cnce;  in  this  case 
coefficient  of  increase  is  determined  frem  formula 
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where  /,,  _  current  ioads  c£  individual  sections  of  line; 


U.  it...  length  of  the  sane  sections  of  line; 


L  -  overall  length  ci  line. 


- - A  — 

JS 

1 

1 

•  f 
\ 
f 

t  \  i  1  ~~ 

TXl 

Fig.  8-1.  Schematic  of  line  with  different  current  loads  of  sections. 
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Table  8-1.  Maximum  economic  current  density,  A/ am*. 


KratMKMMia  DpoaojHHKC* 
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*000—3000 
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6o.ut/2) 

soar  ' 

2.5 

V 

2.1 

1.9 

1.3 

t.t 

1.0 

3.0 

2.5 

2.0 

1.5 

1.4 

1.2 

3.5 

3.1 

2.7 

1.9 

1.7 

1.6 

Key:  (1).  Designations  ci  conductors.  (2).  Demand  time  of  load  peak. 


h.  (3).  it  is  more.  (4).  Bare  wires  and  tustars.  (5).  copper.  (6). 


aluminum.  (7) .  Cables  from  paper  and  wire  with  rubber  insulation  with 


veins/strands.  (8).  copper.  (9).  aluminum.  (1C).  Cables  with  rubber 
and  molded  insulation  with  weins/strands , 


Table  8-2.  Average  number  or  use  cx  a  peak  lead  fer  different 
categories  of  users  and  tranches  of  industry. 
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CD 


ITo  KOmeiopuHM  nompeSume.ied 

BuyTpeHHee  ocsetueiiHe  ropoAoa  cd  . . . i 
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2)  a  abc  citetiu  .  .  1$) 

3)  a  rpa  enema  .  .  . 


CD 


1  500—2  500 

2  000—3  600 

2000—3  000 

3  000— !  500 

4  500—7  000 


no  OmpCCAUM  npOMUUlAtHHOCma  Od) 

MeTM.iyprB'ieciua  00 . . 

XaMiinecicaa  (JVr. . ). 

ropaopyanaa  .  .  Pi).  .  . .’!!!! 

AMIUHIIOCTpOHjeAbHaB  /W, . 

BytaiKKia  . . 

nHueaaa  .  .  [HO,  . . 

rioffarpwpH>KCKaa  fjl) . 

TcKcnubHaa  (If).,.  . . 

OCywtaa  .  ...  (IV  + . ‘ 

ilepeaoofipaCaTMSianaa  (A)J.  . . 

xtMuiMM . yy7.  . . 


6500 
6  200 
6  000 

4  000 

5  500 
5000 
3000 
4500 
3000 
2  500 
4000 


Key:  (1).  Users.  (2).  h. 
lighting  of  cities.  (5). 
enterprises,  which  wcrk. 


(J)  .  On  categories  c£  users.  (4). 
hxcaraor  lighting  cf  cities.  (6). 
1 7 )  .  u  cce  exchange.  (8).  in  two 


Interior 
Industrial 
e  xchanges. 


(9).  in  three  exchanges.  (10).  Cn  tranches  cf  industry.  (11). 
Metallurgical.  (12).  Chenical.  (1i).  Mining.  (14).  Machine-tuilding. 


(15).  Paper.  (16).  Feed.  (17).  polygraphic.  (18).  Textile.  (19). 
Shoe.  (20).  Woodworking.  U1).  Ceding. 


DOC  =  40040309 


PAGE 


3  id 


Paqe  190. 


ible  8-3.  Economic  currents  rot  tne  uninsulated  wires  and  cables. 
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38 
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50 
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170 

(99 
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316 

C  MCdHUMU  XCOAOMU 


3X10 
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30 
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40 

48 
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50 

62 
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3X150 
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370 

1  465 

— 

C  aAfOMUHUC6bLHa  XCUACtMU 

3X10 

12 

14 

16 

3X16 

19 

22  ’ 

26 

3X35 

30 

35 

40 

3X35 

42 

.49 
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3X50 
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70 

80 

3X70 

84 
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3X95 

113 
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3X120 
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192 

3X150 
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240 
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222 

260 
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Key:  (1).  Braads  and  the  section  of  wires  and  cables.  (2).  Economic 
current,  a,  with  total  ncurs  cf  utilization  cf  maximum  per  arrum. 
(3).  it  is  more.  (4).  it  is  less.  (5).  uninsulated  hires.  (6). 
Triple-cores  cable  with  paper  insulation  with  ccpper  veins/strands. 
(7) .  Sith  aluminum  veirs/str anas. 


Page  191. 


4.  Uhen  selecting  cf  sections  of  conductors  for  feed  of 
series/row  of  uniform  mutually  reserved  electrical  receivers  (for 
example,  tumps  of  water  supply,  conversion  units,  etc.)  by  total 
number  n,  if  it  is  known  mat  they  all  are  net  simultaneously 
switched  on  and  by  nj  cf  tnem  alternately  are  located  in  work, 
economic  density  must  te  increased  against  norms  table  3-1  by 
multiplication  by  coefficient 


,/z. 

r  n, 


The  advisability  cf  an  increase  in  the  number  of  lines  or 
circuits  over  necessary  in  reliability  conditions  of  power  supply, 
and  also  replacing  the  existing  heavy  guage  wires  with  an  increase  in 
the  load  for  the  purpose  of  the  satisfaction  cf  the  conditions  of 
economic  current  density  must  be  based  only  cr  the  basis  of  the 
technical-economic  calculations  the  procedure  cf  fulfillment  cf  which 
is  given  in  Section  10. 
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3^ 

To  testing  on  the  econcaic  current  density  they^are  not  subject 

and  installations  by 
of  utilization  a  lead  peak 

the  separate  electrical  receivers  ty 
0  V,  or  ligating  systems  in  the  industrial 
the  hatitaole  and  public  buildings,  the  checked  for 
voltages; 

3)  the  net  of  tempcrary/tiae  installations,  or  of 

ds vices/r quipment  with  the  snort  service  life  (3-5  years) ; 

4)  the  collecting  mains; 

5)  the  conductors,  that  go  tc  resistances,  starting  rheostats, 

etc. 

Page  192. 

For  the  definition  cr  average  total  hours  cf  utilization  a  lead 
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peak  in  the  absence  of  specified  data  it  is  possible  to  use  given  in 
Table  8-2  tentative  data  noth  cn  categories  cf  users  and  cn  different 
fundamental  branches  of  industry. 

Table  8-3  gives  the  values  cr  the  current  in  the  line,  which 
ansures  the  greatest  e f ricie ncy/cost-ef f ecti veness  of  operation  in 
depending  on  material  ana  section  of  wires  and  cores  of  cables  and 
annual  total  hours  of  utili2atict  cf  a  peak  lead. 

Example  to  8-1.  Is  required  to  select  cn  the  economic  current 
density  the  section  cf  cable  6  IV  with  the  paper  insulation  and  the 
aluminum  veins/strands  fer  the  feed  of  woodworking  plant  with  the 
maximum  current  load  5 4^. 

Solution.  Through  tables  8-2  we  find  average  total  hours  of 
utilization  a  load  peak  for  the  weedworking  industry:  T=2500  h. 

In  the  graph/count  table  8-3,  that  corresponds  to  total  hours  cf 
utilization  am  less  that  3000  ior  the  cables  with  the  paper 
insulation  and  the  alunirua  veil s/strand s,  we  determine  that  the 
economic  current  density  will  be  provided  with  the  cable  with  section 
3x35  am2. 

Example  3-2.  Fig.  8-2  depicts  the  schematic  of  aerial  line  of 
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urban  electric  system  36C/22Q  in,  performed  fcy  aluminum  wires  with 
the  identical  section  ail  cvei  length  of  line. 

It  is  necessary  tc  select  tne  section  cf  wires,  which 
corresponds  to  economic  current  density,  with  the  tctal  hours  of 
utilization  of  a  maximum  are  less  than  3C00. 


Solution.  We  determine  the  coefficient  cf  an  increase  in  the 
economic  current  density  icr  tne  initial  section  in  (8-^: 


1/  +  4-0,08) 

“  y  98*-0.08  +  S2*-0,04  4. 26M),  l  +  15«  0.(»_  “ 


1.72. 


Economic  current  density  fcr  the  line  with  tha  identical  load 
all  over  length  we  determine  ct  table  8-1  with  the  total  hours  of 
utilization  of  a  maximum  less  cnan  3000  for  the  aluminum  tare  wires: 
1. 3  A/mm2, 


For  the  conditions  cf  an  example  economic  current  density  taking 
into  account  the  load  distribution  alcng  the  line  is  equal  tc: 

/.-1.72X  U-M4  #/***. 

The  economic  secticn  of  line  we  determine  frcm  (8-1): 

We  stop  for  the  wires  cf  line  in  the  nearest  standard  section  50 


mm2.  The  section  accepted  must  ce  checked  according  to  the  conditions 
cf  heating  and  less  cf  voltage. 


Page  193. 

Example  8-3.  To  select  cn  the  economic  current  density  the 

section  cf  cables  with  the  paper  insulation  ard  the  aluminum 

veins/strands  on  6  kv,  the  feeding  electric  actors  pumps.  In  all 

pumping  units  three,  frca  which  twc  are  worker,  and  one  -  stand-by. 

ft 

Calculated  current  of  saca  carls  b5f;  total  hcurs  of  utilization  cf  a 
maximum  cf  the  electric  actors  cf  working  pumps  4000. 

Solution.  Economic  current  density  without  taking  into  account 
the  coefficient  of  an  itcreass  fcr  the  conditions  of  an  example  we 
determine  on  tables  8- 1j  1.4  A/aa*.  The  coefficient  cf  an  increase, 
which  considers  a  number  of  worming  and  stand-by  lines,  we  find  frca 
(8-3).  In  our  case  of  r=3  and  a^i,  and  the  ccefficient  of  an 
increase  is  agual  to: 
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Economic  current  density  naming  into  account  ^he  mode 
operation  of  pumping  ucits  ccafciises  /•'■I. 22*  1.  4=  1.  72. 


Economic  section  c t  the  catle 

66 

—  37,8  ***. 

We  accept  for  the  cables  rear  standard  section  35  m2. 


37V 
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section  Nine 


POWER  LOSSES  AND  ELECT EIC  PCWEji  IN  ELECTRICAL  NETWORKS. 

The  losses  of  active  power  in  the  section  of  electrical  network, 
made  by  the  wires  of  identical  section,  are  determined  from  tc  the 
formula 

a/,-ajJV/’-aJ(,V.+;Vr)r1  Ktr/‘J  (9-U 

by  Key:  { 1)  .  kW. 

The  losses  of  reactive  fewer  an  the  secticn  cf  electrical 
network  with  identical  inductive  reactance  cf  line  are  determined 
from  the  formula 

A<?  -  ciiiVx  «  a,  (W» + )  x.  Map,  (9-2) 

Key:  ( 1)  .  kilovar  . 

where  ft,—  sum  of  the  products  cf  the  squares  of  resistive  leads  on 
the  lengths  of  the  secticas  ox  net  with  these  leads; 

Nr—  sum  of  the  products  or  the  squares  of  reactive  lead  on 
the  lengths  of  the  secticas  of  ret  with  these  leads; 
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N  -  sun  of  the  products  ci  the  squares  cf  full  leads  on  the 
lengths  of  the  sections  cf  net  witn  these  leads; 

r  and  x  -  active  anc  inductive  reactances  cf  line,  Q/km; 

a»—  coefficient,  depending  cn  the  system  of  the  current  and 
the  units  accepted  measurement. 

The  values  of  antenng  foraulas  (9-1)  and  (9-2)  value  N, 
and  N,  coefficient  a,  ard  units  their  measurement  are  given  in  Tafcle 
9-1. 


Page  194. 

Power  losses  in  the  transformer  are  determined  from  the 
formulas: 

the  loss  of  the  active  power 

AP,-A/».+d/V,0*.  wn  (9-3) 

Key:  ( 1)  .  ks. 

the  loss  of  the  reactive  power 
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CAGE 

—  J55  (/*.»  +  xtapp ) 

Key:  ( 1)  .  kilcvar . 

where  \P»—  no-load  less  o  f  transformer  (less  in  steel),  kw ; 

A/V,—  loss  the  shert  circuit  of  transferaer  (ceil  loss)  with 
nominal  load,  kH; 

f*  t—  running-light  current  of  transformer,  c/o; 

u,~  voltage  dr op  in  the  reactance  of  transformer,  o/c; 

s. —  nominal  Fewer  of  transformer,  kVA; 

0  -  load  factor  cf  tna  transformer; 

f-ST  («) 

where  S  -  actual  load  cf  transferaer,  kVA. 

Formula  (9-4)  for  determining  the  losses  of  reactive  power  in 
the  transformer  can  fce  represented  in  the  fern: 

AQ.-lQr.+AQ.P,  (M>  j 

Key:  (1).  kilcvar.  | 
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374 

where  AQ, loss  of  reactive  power  in  transformer  with  the  idling 
(less  to  the  magnetization)  ,  tee  kilovar: 

« „  Suh.t  (/) 

AQ..*=  -755-,  riap\ 

Key:  (1)  .  kilovar 

AQ«— the  loss  of  reactive  dissipated  power  in  transformer  with 
the  nominal  load,  the  kilevar: 

ao  (£? 

J0O  *  KAOp* 

Key :  ( 1)  .  kilovar. 

A  voltage  drop  in  the  reactance  cf  transformer  is  presented 
according  to  the  formula 

(/,=  Y  Ul-U*  .%,  (9-7) 

where  t/*—  voltage  short  circuit  of  transfermer ,  0/0; 

-  u'  —  drop  of  transfermer,  determined  from  the  expression 

Vt  =  ■  100,  •/, (9.p) 

For  the  transformers  witn  a  pewer  >10  of  MV  A  it  is  possible  tc 
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Values  ±P'.  SP*,.  Wit  and  d<3»  for  the  step-dcwn  transformers  are 
given  in  Table  9-2-9-6.  In  Tanles  9-2,  9-3,  9-5  and  9-6  level  B  of 
the  losses  of  active  idle  power  relates  to  the  transformers  in  which 
is  used  transformer  steel  vita  the  thickness  cf  0.35  mm  of  brand  E  of 
330  A  according  to  GOST  60-156  vita  the  refractory  coating  and  the 
annealing  of  plates.  Tacle  9-^-9. 4  gives  the  values  cf  active  and 
reactive/jet  resistances  of  transformers,  the  given  with  respect  to 
the  nominal  voltage  windings  VN. 


$***311 
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Table  9-1.  Values  and  units  are  tne  measurement  of  the  values 
enterinj  formulas  (9-1)  aau  (5-i). 
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Table  9-2.  Technical  data  or  the  three-phasa  twc-phase  double  wound 
power  tank  transformers  c r  genaial/common/tctal  sizing  with  a  cf 


23-630  kVA  to  the  voltage  tc  35  kV  (GOST  12022-66). 
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35 

y/a-n 

1.7 

7.6 

6,5 

2,0 

23.5 

124 

12,6 

40.2 

rived  ze 
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Key:  (1).  Nominal  power,  kVa.  ii).  Upper  limit  cf  nominal  voltage  of 
winding,  kV.  (3).  Diagraa  ana  group  of  connections  cf  windings.  (4). 
Losses  of  active  power,  xw.  (5).  idling.  (6).  level.  (7),  short 
circuit.  (3) .  Voltage  short  circuit  o/o.  (9)  .  Running-light  current, 
c/o.  (10).  Winding  impedances  transformer,  cha.  (11).  active.  (12). 
react ive/ jet.  (13).  Losses  cf  reactive  power,  kilcvar.  (14).  idling. 
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Table  9-3.  Technical  specifications  of  the  three-phase  double  wound 
power  tank  transformers  cr  g6aeial/common/tctal  sizing  with  a  of  1-80 
MV  A  to  the  voltage  tc  35  kV  (GCST  11920-66). 


k 


TJ1 

n 

38,5 

10,5 

r 

1 

12.3 

7,5 

0.8 

0.96 

11.1 

80.0 

747 

38.5 

10,5 

17,8 

8 

0,75 

0.52 

7,39 

120 

1277 

y 

38.5 

10.5 

33,0 

8.5 

i 

0,65 

0.17 

3.15 

260  .. 

2395 

t m 

i 

80 

38,5 

1 

10. 5 

1 

55.0 

1 

65.0 

330 

9 

0.6 

D 

n 

480 

7  192., 

THH 

10 

12,3 

14.5 

65 

8 

0.8 

wm 

10,8 

80.0 

797 

16 

17,8 

21,0 

90 

8 

0,75 

0.47 

6,73 

120 

1  277 

25 

24.5 

29.0 

125 

8 

0.7 

0,27 

4,31 

175 

1996 

TM 

1.0 

) 

6.3 

0.525 

2.3 

2.75 

12.2 

8 

1.5 

0.48 

3.14 

15,0 

79.1 

TMH 

B 

10 

3.15 

8.0 

9.4 

46.5 

8 

0.9 

0.12 

1.26 

56.7 

502 

TflHC 

6.3 

12.3 

14.5 

85 

14 

0.8 

1.14 

18.8 

80 

1600 

TStiC 

16 

36.75 

rm 

17.8 

21.0 

105 

10 

0.75 

0.55 

120 

1600 

rvm 

25 

36,75 

10.5 

24,5 

29.0 

145 

! 

BH-HH  9.5 
_  HH.-HH,  He 

I l6)utHtt  15 

■ 

H 

■ 

■ 

" 

TPXJH 

32 

36.75 

10,5 

28.0 

33.0 

HO  TCXHH- 

MecicMM  yc-i 

40BJUIM 

BH-HH.  11,5 
HH,— HH.  He 

(g)*,eHee  20 

0.7 

“ 

' 

40 

36.75 

10.5 

33.0 

39.0 

To  M 

C  is) 

BH-HH  18.5 
^HH.-HH, 
tlS'H e  MeHee  14 

0,65 

63 

36.75 

10.5 

48,0 

55.0 

280 

BH— HH  11.5 
HH,— HH,  «e 

Qh  ueHee  20 

0.6 

_  J 

I 

i 

Net  9. 

For 

the  ' 

trar.sf  cr  sets 

nth 

that  increa: 

sed 

ty  t  he 

values  cf  ] 

voltages  short  circuits  tne  latter  are  calitratsd  temporarily. 
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Key:  (1).  Type  of  transformer.  (2).  Nominal  power,  MVA.  (3).  Upper 
limit  of  nominal  voltages  of  wildings,  kv.  (4).  Losses  of  active 
power,  kW.  (5).  idling,  (o)  .  level.  (7).  short  circuit.  (8).  Voltage 
short  circuit,  o/o.  (9).  Current  of  idle  code,  c/c.  (10).  Binding 
impedances  of  transf enter ,  ohm.  (11).  Losses  cf  reactive  power, 
kilovar.  (12).  active.  (13).  reactive/ je t.  (14).  idling.  (15).  short 
circuit.  (16).  not  less.  (17).  According  to  technical  specifications. 
(18).  Then. 
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Pages  202-203. 


TaVle  9-4.  Technical  specifications  of  the  three-phase  doable  wound 
power  tank  transformers  of  general/coamon/tctal  sizing  in  to  31.5  kVA 


to  the  voltage  tc  110  kV  (GCST  401-41). 


DOC  =  80040309 


FAG* 


\i<o 


Key:  (1).  Nominal  power,  MVA.  U) .  Opper  limit  cf  nominal  voltage  of 
windings,  kv.  (3).  Losses,  Kh.  (4).  idling.  (5).  short  circuit.  (6). 
Loss  of  voltage  with  ncainal  lead  and  ccs*=1,  c/c.  (7).  voltage  short 
circuit,  o/o.  (8).  R unning-lignt  current,  o/c.  (9).  Winding 
impedances  of  transformer,  chm.  (1C),  active.  (11).  reactive/jet. 

(12).  Losses  of  reactive  pewer,  kilcvar.  (13).  idling.  (14).  short 
circuit. 
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Table  9-5.  Tachnical  spe ciricaticns  of  the  three-phase  double  wound 
tank  transformers  of  general/co amon/tota 1  sizing  with  a  of  2.5-80  HVA 
to  the  voltage  to  110  kv  witn  (GOST  12965-69). 


nOTCpM.  ««/n 

To~ 

'  . . .  . (SJ 

XOJIOCTOrO  1024 

rn. 

K.  J. 

RinpjNieHiic 
e  •  K.  3*.  % 

rs) 

Tok  IT  .IOC- 

Mirope 

.Hi 

Alia 

r» 

BH 

HH 

a) 

ypoKNk  A 

ypOKHb  £ 

Tcro  1021. 

Or? 

TAIH 

2.5 

no 

8,6;  11;  22 

I  ' 

5  ' 

6.5 

22 

10.5 

1.5 

6.3 

115 

6.6;  11;  22;  38.5 

10 

13 

50 

•  10.5 

—  1.0 

TZIH 

10 

115 

6.6;  11;  22;  38.5 

14 

18 

60 

10.5 

0.9 

16 

115 

6.6:  11;  22;  38,5 

21 

26 

85 

10.5 

0.85 

TPHH 

25 

115 

6. 3/6. 3;  10.5/10.5; 
6.3/10.5;  22.  38.5 

29 

36 

120 

10.5 

0.8 

32 

115 

6. 3/6.3;  10.5/10.5 
6.3/10,5;  22.  38,5 

35 

44 

145 

10.5 

0.75 

40 

115 

6, 3/6. 3;  10.5/10.5; 
6.3/10.5;  22;  38.5 

42 

52 

175 

10.5 

0,7 

TPflUH 

63 

115 

6, 3/6. 3;  10.5/10,5; 
6.3/10,5;  22;  38.5 

59 

73 

260 

10.5 

0.65 

80 

115 

6, 3/6. 3;  10.5/10.5; 
6.3/10.5;  22;  38.5 

70 

89 

315 

10.5 

0.6 

Note.  Transformers  with  split  windings  have  the  power:  VN  -  lOOo/o, 
HH,  and  HH2  -  on  50o/o. 


Key:  (1).  Type  of  transicrmer.  (2).  Nominal  power,  KVA.  (3) 
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Combination  of  voltagas 
idling.  (6) .  leval.  (7) 
c/o.  (9) .  Running-light 


cf  bindings,  kv.  (4) 
short  circuit.  (8)  . 
current,  o/o. 


Lcssas,  kW.  (5). 
Vcltage  short  circuit. 
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Table  9-6 ,  Technical  speciiicaticns  of  the  three-phase  triple-wcund 
tank  transformers  of  general/ccaaen/total  sizing  with  a  of  6.3-80  nVA 
to  the  voltage  to  110  k\)  wi za  6Eh  (GOST  12965-67). 


Tjmi  rpancjiop- 

uaiopd 

0) 

Hovj|»u.7b«aa 

moiuhoctw. 

_  AIM 

ft 

CoaaTaiiaa  uaapaxeMal  oSuotok,  n 

_ 

naTcpa.  .am 

Tor  xoaoctofo 
xoiu.% 

[(*) 

1.  %. 

Cl) 

|  BH 

CH 

HH 

B! 

ypoacuh  5^ 

TMTH 

1 

6.3 

115 

22;  38.5 

6.6;  tl 

14 

17 

60 

1.2 

T-TTH 

10 

US 

22;  38.3 

6.6;  11 

19 

- 

23 

80  i  ! 

1.1 

1  16 

115  i 

22;  38.5 

6.6;  11 

26 

32 

105 

1.05 

TJITH 

25 

US 

11 

6.6 

36 

45 

145 

1.0 

22;  38.5 

6.6;  11 

40 

115 

11 

6.6 

50 

63 

230 

0.9 

22;  33.5 

6.6;  11 

63  • 

’  115 

•  38.5 

6.6;  11 

70 

87 

310 

0.85 

Taut 

80 

115 

I 

38.5 

6.6;  11 

82 

102 

390 

0.8 

Note.  1.  Each  winding  is  designed  ior  complete  noainal  power  of 
transformer. 


2.  Voltages  short  circuit  tetfceen  windings:  VN  SN  10. 5o/c,  VN-NN 


DOC  =  80040309  PAGE  jrif’ 

39° 

-  17o/o  and  SN  NN  -60/0.  For  transformers  with  a  power  of  16,  40  and 
MVA  the  voltages  short  circuit  can  comprise:  VN  SN  17o/o  VP  NN  - 
10.5o/o  and  SN  NN  -  6o/o. 


Key:  (1).  Type  of  transformer.  (2).  Nominal  pcwer  M v A .  (3). 

Combination  of  voltages  cf  windings,  tcV.  (4).  losses,  kw.  (5). 
idling.  (6).  level.  (7).  short  circuit.  (8).  Funning-light  current. 
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Paqe  203. 

For  other  nominal  voltages  of  windings  the  resistors/resistances 
are  recounted  according  tc  tbs  formulas: 

*~(£)V  & 

*'-(£)’*• 

Key:  (1) .  ohm. 

where  u .  -  nominal  voltage  of  winding,  indicated  in  Table  9-2-9-U, 

kV; 

u'»  -  nominal  voltage  cf  wilding,  with  respect  to  which  are  recounted 
resistors/resistances,  kV; 

H  and  X  -  respectively  active  and  reactance  of  transformer, 
determined  on  Tables  9- 2-9-4,  cams. 

The  losses  of  electric  power  in  the  net  are  determined  frcm  to 
the  formula 
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A/l«.nP»t.  <Jt\  0-9) 

Kay:  (1).  kW*h. 

where  ap»  -  greatest  power  losses  in  the  net,  kw; 

r  -  number  of  hours  or  maximum  losses,  determined  in  depending 
on  the  annual  graph/curve  of  lead. 

The  losses  of  electric  power  in  the  transformer  are  determined 
from  to  the  formula 

A/l  -OPc/T -t- AP.^H,  kst'\  (9-10) 

Key:  ( 1)  .  kW«h. 

where  (T  -  number  of  heurs  cf  the  work  cf  transformer. 

A  number  of  hours  cf  maximum  losses,  if  is  known  the  annual 

graph/curve  of  load,  can  ce  determined  according  to  to  the  formula 

rs»<  /O 

t  =  *rtod,  (9* It) 

5<J 

Ke  y:  ( 1)  .  h/year. 

where  zS'-t  -  sum  of  the  products  cf  the  squares  of  full  loads  on  the 
annual  duration  of  each  cf  tfcsm,  calculated  fer  entire  annual 
graph/curve  of  the  leads  cr  tie  ele nent/cell  cf  the  net  in  question; 
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greatest  full  loau  of  tne  element/cell  cf  net. 

For  the  typical  grapn/curve,  which  has  the  lowered  loads  at 
night  and  morning  and  evening  aaximums,  cumber  cf  hcurs  of  the 
maximum  losses  according  to  data  ci  institute  Energoset* proyekt 

C  All-Union  State  Planning,  Surveying  and  Scientific  Fesearch 
Institute  of  Power  Systems  and  Electric  Power  Networks]  in  depending 
cn  total  hours  of  utili2acicn  cf  a  maximum  car  he  determined  on 
Tables  3-7. 

Example  3-1.  To  determine  the  annual  losses  cf  electric  power 
in  the  transformer  of  the  type  1H  with  a  power  cf  6.3  HVA  with  the 
voltage  of  the  highest  side  10  *V,  if  transformer  is  connected 
constantly  and  the  annual  grapb/curve  of  its  lead  is  represented  in 
Fig.  9-1. 


Solution.  The  annual  losses  of  electric  power  in  the  transformer 
we  determine  cn  (9-10). 

Through  Tables  9-3  we  find  tne  lesses  of  active  power  in  the 
transformer  with  the  idling  fer  the  level  E: 


I 
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APe-9  JtM 

and  lead  losses  (loss  snort  cucuu)  with  th€  nominal  load  of  the 
transformer: 


46,5  KM. 


Page  209. 

According  to  the  condition  of  an  example  an  annual  number  of 
hours  of  the  work  of  the  transformer 

/.-8760. 

The  lead  factor  of  transformer  with  the  full  lead  comprises: 

4.5 

F- -0.715. 

A  number  of  hours  of  maximum  losses  we  determine  from  the 
graph/curve  in  Fig.  9-1,  after  substituting  it  (9-11)  the  values  of 
the  loads  of  transformer  in  mega volt--am pares  and  the  corresponding 
to  them  operating  times  in  thousands  of  hours: 

f  .  |Q»  M  4  830  h« 

After  substituting  numerical  values  in  (9-10),  let  us  determine 
annual  energy  losses  in  tna  transformer: 

4—9*8  760+  46.5  •  0.715*  -  4  830—183  800  kW  »  K  . 


Example  9-2 
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Fig.  9-1.  Annual  graph/curve  c r  load  for  exaafle  9-1. 


Key:  (1)  .  kVA.  (2)  .  h. 


Page  210. 


Fig.  9-2  depicts  the  scheaatic  cr  line  6  kV  with  the  indication  of 
the  lengths  of  the  sections  c£  line  (km)  and  calculated  (greatest) 
loads  (MVA).  Main  line  A£  is  made  ty  cable  with  the  aluainua 
veins/strands  by  section  Jx7Q  aa«,  and  branchings  BV  and  BG  -  by 
aerial  line  with  the  alcaanua  wires  by  section  35  aa2. 
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To  determine  the  annual  losses  of  electric  power  in  the 
resistors/resistances  cf  wires  and  cables  of  line,  if  the  annual 
demand  time  of  load  pea*  is  3000  a  and  the  graph/curve  of  loads  is 
typical  (are  morning  ana  evening  maximums  and  dropping  of  load  in  the 
night  time) . 

Solution,  The  greatest  power  losses  in  the  resistors/r asistances 
of  wires  and  cables  cf  tha  line  we  find  through  (9-1),  in  which  the 

value  cf  coefficient  a3  is  determined  frcm  Table  9-1: 

io*  „ 

•,--gr  =  2?.8. 

The  specific  resistcrs/resistances  of  the  sections  of  line  we 
find  through  Tables  5-1:  tor  tn«  aluminum  cable  by  section  7C  mm*  - 
0,46  Q/km;  for  the  aluminum  wire  by  section  35  mm*  -  0.92  Q/km. 

He  determine  the  value  cr  value  N  fcr  -the  main  line  AB: 

JVab-I,«8».|  +  l.!6M,5  +  0.5M.2-4.64 

for  the  branchings  BV  arc  BG 

'VB<B+n  =  0.18*-2.3  +  °.l’'3“ 0,105  S  VA*  *km. 


From  (9.  1)  we  find  taa  greatest  power  losses  in  the  net: 

XPf  27.8(4.64 -0,46+  0,103- 0,92) -B6J  ft  ». 

On  Tables  9-7  in  depending  on  the  demand  time  cf  maximum  T=3000 
h  we  find  the  value  cf  a  number  of  hours  of  maximum  losses  r=1300. 
The  magnitude  of  losses  cf  electric  pcwec  we  determine  on  (9-9): 

A/1-86,2- 1  300- 112  000  ftb«n. 
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"labia  9-7.  Number  cf  hcuis  cf  maximum  losses. 


(i\  Mhc.io  mhcob  Hcnaibjoeanim  Maxcn- 

My M3  ...  . 

1 

3000 

3  500 

4000 

4  500 

5000 

($)  MhCIO  Mac  OB  >taKCHM3.1t>HblX  nOTepb 

1300 

1650 

2  000 

2500 

3000 

(ft  4hcio  tocos  Hcnaib30Ba«H«  waxcM- 

My  M3 . 

5500 

6  000 

6500 

7000 

7500 

(3)Mhc.io  mscob  MaKCMMa.ifcHux  norepb 

(3650 

4300| 

5  000 

5700 

6450 

K-»y:  (1).  Total  hours  cf  utilization  of  a  maximum.  (2).  Number  of 
hours  of  maximum  losses. 
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Section  Ten 

TECHNICAL-ECONOMIC  CALCULATIONS . 

Economic  indices  are  decisive  during  the  technical-economic 
evaluation/estimata  cf  the  versions  of  the  execution  cf  net. 

When  selecting  cf  version  must  also  be  analyzed  natural 
qualitative  indices  (energy  losses,  the  expenditures  of  nonferrous 
metal,  etc.) ,  moreover  in  tie  case  of  the  equivalence  of  versions  in 
the  relation  to  cost  indices  preference  is  given  up  to  version  with 
best  qualitative  indices. 

The  technical-economic  evaiuation/estiaate  cf  versions  must  be 
conducted  in  accordance  with  tae  "procedure  cf  the  technical-economic 
calculations  in  power  engineering",  affirmed  ty  the  resolution  of  the 
state  Committee  of  the  Council  cf  Einisters  cf  the  USSR  on  science 
and  technology  on  12  October  1 S  6 6 *  During  the  evaiuation/estiaate  of 
comparative  eff iciency/ccst-ef f ectiveness  of  two  or  several  versions 
for  each  of  the  compared  versions  must  be  determined  the  overall 
value  of  expenditures. 


i 
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To  most  economical  version  corresponds  the  smallest  value  of  the 
expenditures,  detarminea  according  to  to  the  formula 

3-p.X+H,  py6..(/)  (10-1) 

Key:  ( 1) .  rub. 

where  Z  -  an  overall  value  cf  expenditures,  rub; 

I  -  annual  expenses  of  operation,  rub; 

P*  -  standard  coefficiert  cf  effectiveness  which  for  all 
calculations  in  the  field  cf  power  engineering  they  take  as  the  equal 
to  15 ; 


K  -  capital  investments,  rut. 

In  annual  operating  expenses  I  are  included  the  depreciation 
allowance  (expenditures  for  renovation  and  major  overhaul) ,  the 
cost/value  cf  the  losses  of  electrical  energy  in  the  net,  the 
straight/direct  pay  cf  wcrxers  and  employees,  maintenance  cost, 
deductions  to  the  social  insurance,  the  overhead  expenses,  etc. 


Annual  operating  expenses  ter  the  electrical  installation  can  be 
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determined  according  tc  to  the  formula 

#-(;>*+/»« +p.)K+C„  pyfi/0  <  10-2) 

Key:  ( 1)  .  rub. 

where  9 *  -  coefficient  cf  annual  deductions  tc  the  renovation  of  the 
installation  (renovation  -  complete  restcr aticn/reduction  of 
installation  after  the  aiscnarge  of  the  period  cf  its  service) ; 

Pm  -  the  same  to  the  aa~or  overhaul  of  the  installation; 

p»  -  the  same  to  the  straight/direct  expenditures/consumpticns  on 
maini enance/servicing  atd  soutane  repair  cf  the  installation; 

C,-  cost/value  of  the  losses  ci  electrical  energy,  rub. 

Taking  into  account  (10-1)  the  expenditures  can  be  represented 
the  formula 

3-p/f+C*  py6.^>)  (10-3) 

Key:  (1).  rub. 

where  p  -  total  annual  deuucticns  iron  the  fundamental  insertions 
(capital  expenditures)  ; 

P-P«+P,+P«+P».  (10-4) 

Depreciation  allowance  to  the  renovation  tc  the  moment/tcrque  cf 
their  consumption  according  to  the  straight/direct  destination  on 
this  object  can  be  used  in  ether  sections  cf  national  economy. 
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10-1.  Norms  of  dep reciaticn  allowance  fcr  the  constructions  cf 
transmission,  power  electrical  equipment  and  distributors. 


— i)  1 

coopymeHhft 

Jftcv**  attofianuna.  % 

iiir^ww. 

[^)m  US  OB* 

u*>p't 

pBilOHT 

^WuyuiHMe  .ihhhh  3jieKTpooepeja<(if 

1|^.  Ha  uer.i.i.iimecKiix  a  acweaoSeTOHHux  Qnopax 

VBSTaSfn. . 

2.5 

1.0 

^  35— 160  m®..  . 

2 

0.8 

Ill\  220  <6  H  Bbl  UK  (/°Hl . 

1.6 

0.64 

(f'i.  Ha  onopax  H3  nponitTaHHofi  jptaecHHbi  c  we- 
.lC306cT0HHbiMII  IipilCTaBKaMH 
fWxHanpaa.eHi(e:_ 

22  <a  <S> . 

i  3.3 

1 

2.0 

'"35—160  K9  <S) . 

2,64 

1.6 

2.11 

1.28 

Ha  onopax  m  nponjuajujofl  jpesecuBM 

®(gr«r®^ . 

i 

4.12 

2.5 

r.*\  35—160  u  a) . 

3.3 

2,0 

V!  4.  Ha  onopax  H3  HcnponHTaHHofl  apcsecHHu 

^Tfho  22  ns  <&>.  . 

5,15 

3.13 

35—160  m  © . 

4.12 

2.5 

//V\  Kafie.ibHbie  jihhhh 

(.'*1.  npo.ioAeHiibie  s  3eM.ie  a  noa  bo4o3 
(«i\Hanpa>Kciiiiej_ 

10  m  CP . .  .  .  , 

2.5 

0.5 

35  K8  3b . 

3,13 

1.0 

/ y/A  *0  K8  n  Bbiuie(Z9 . 

2.0 

0.25 

v  2.  ripo.ioiKCKiibie  s  noMemeHHH 

no  Hanpaaceime- 

^®30  10  *«($> . 

2.0 

0.4 

■is  x»  -Cn . 

2,5 

0.8 

(/O) Ch.10800  j.icKTpoTcxHHMccKOe  o(5opy  JOBaane 
II  pacnp04C.11UC4l.llWI!  JCTpoflcTBa 
S).ieKTpojBHraTejTH 

v  j.  Pa'ora  a  o.my  csiewy 
//9)MomHOcTb:  . 

/»)30  100  . 

3,3 

6.5 

3.0 

2.96 

3.8 

2.88 

^B^5au°Ta  B  JBC  CMC  HU 
(T^MoiUHOCTb: 

6.5 

3.7 

^j^cBNuie  100  K»m  *52 . 

3.8 

3.6 

. XIMLha.jm,,  .  . . . 
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Paflora  a  tph  cmchm 
g^Moujiocrb:  _ 

j®«o  IOO  Kim  . 

gjyeabiuie  100  turn  ®) . 

fiV^BjiexTpoiiBHraTcjjH  npw  pafioTe 
■  arpeccMBHOft  cpeje,  npH  bucokoA 
TeiwepaType,  b  yc.iOBHHx  noBUuieHHUX 
BJfawHocTH  if  3arpB3ReuH0CTH 

^TLPa6orta  a  oaHy  cneay 
^VMowBocTb: 

(S)po  100  Kim  S5?  . . 

©cBhiuie  100  Ktm  @SP . 

(.Pa  Coxa  a  pee  cmchu 
^%Moiuhoct*>: 

100  mm  g  .  ■  . . 

caume  !00  .tarn  . 


:<50T3  a  TpH  CMeilbi 
MotiwocTb:  . — . 

§jpo  100  xam  cS?  ,  .  . 
ncawuie  100  . 


^•53A>3eab-reHepaTOpu 

PafioTa  a  opHy  cueny 
42*)C*epocTb  apaiaenifB: 

®flo  500  o6/muh<j&\  .  . 

500  OCfMUH  H  3blI3efc?j9.  .  . 
X6ora  a  pae  cmchu 


opocTb  opauicmra 
Ipo  500  j6/.<uihQ^. 

500  o6jimH  a  Bbiiue  C? . 

Cora  a  tp«  cmchu 
'  opocn>  epaineHHiu_ 

po  500  oti/Mitt  . 

500  o6/muh  h  Buuie  . 

erypapyeoiiiMe  npnfiopu  h  ycTpoftcTaa  . 


0,5 

3.8 


4,44 

4.32 


9.75  4.44 

5.7  4,32 


9.75 

5.7 


5.55 

5,4 


9.75  6.65 

5.7  6.48 


3,3  2.8 

5.0  2.8 


3.3  3.5 

5.0  3.5 


3.3  4.2 

5,0  !  4,2 

10  2 


Key:  (1)  ,  Designation  cl  constructions.  (2)  .  ficras  of  damping,  o/o. 
(3).  to  renovation.  (4).  to  major  overhaul.  (5).  air  electric  power 
lines.  (6) .  On  metallic  and  reinrorced  concrete  supports.  (7) . 
Voltage.  (8).  to.  (9).  <v.  110).  kv  are  above.  (11).  On  supports  from 

impregnated  wood  with  reinforced  concrete  attachments.  (12) .  On 
supports  from  impregnated  wood.  (1j).  On  supports  from  unimpragnated 
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wood.  (14).  Cable  lines.  (15).  Laid  in  earth/grcund  and  under  water. 
(16).  Laid  in  location.  (17).  Fewer  electrical  equipment  and 
distributors  electric  meters.  (18).  Work  in  cce  exchange.  (19). 
Power.  (20).  kW.  (21).  i*  is  more  chan.  (22).  8ork  in  two  exchanges. 
(23).  Work  in  three  exchanges.  (24).  Electric  meters  with  work  in 
agre;sive  medium,  at  hich  temperature,  under  conditions  for  those 
increased  of  humidity  and  pclluticn/cont aminaticn.  (25).  Diesel 
generators.  (26).  Rotational  speed.  (27).  r/min.  (28).  r/min  are 
above.  (29).  Control  instruments  and  dev  ices/equipment. 

In  connection  with  this  the  coefficient  cf  deductions  to  the 
renevatien  shculd  ba  determined  frem  the  formula 

P, - - .  (10-5) 

(I -I 

where  -  coefficient  cf  deductions  to  the  renovation,  determined 

in  accordance  with  the  ns  cf  depreciation  allowance  in  the  fixed 
capital  for  the  national  eccncuy  of  the  USSB",  affirmed  by  the 
resolution  of  the  Council  of  Ministers  of  the  0SSB  of  1  September  of 
1961  (Table  10-1). 


ia\  (y>Bo3jyuJHue  .nimm  3JieKTponepeaaiii 
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li^rs'roA . 

35—160  u  . . . 
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16.21 (16.81) 


v  220  m  h  statue  . . . 

^  2.  Ha  onopax  H3  nponiiTaHHofl  apeseciiHhi  c  Vke.ieaofie- 

TOMHhlMH  npUCTaBKOMlI 
(Jo)HanpfivKeHHe:_^ 

Hflao  22  #ca  (QL. . 

^35-160  *T(&.  . 

|  .A  220  tea  h  Bbiuie  .(Jail. . .  . 

onopax  H3  nponiiTawHofi  apeaectmu 
(Jo)  HanpnvKeitHe: _ 

©no  22  m  (gL,.  . . 

h(j\  35—160  kTTQ) . 

('  4;  Ha  onopax  H3  HenponiiTannof<  jpesecHHU 

;  . 

35-160  Kt®  ,  ; . . 


20.22 

17.58(18.08) 

17.02(17.22) 


,.^x  // ^ )Ka6«JlbHU«  4HHUH 

I._npo.io*enHbie  a  aea.ie  h  noa  aoaoA 


■  •  • 

30  «a  it  Buuie  .(3i). 

*  2.  npo.iOAeuHbie  B  nouememm 


(^^Vjwoaoe  MeKTpoTexHMiecKoa  oSopyaoBaiitie. 
pacapeaeJiMTejibiJMe  ycipoftcTfla  u  noacTaMuiiH 

^3)Hanp*4iemte:^_ 

no  20  m  <0L. . 
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220  *4  u  bu  me  (7*22 . 
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Pages  216-217. 


Continuation 


Table 


a  Cots  »  jee  cueNU 

MoUlHOCTb: 

(jfiio  1 00  nam(gy 
SScBbiuJe  100  ksmQ. 

_Pa60T3  B  TpH  CMCHbl 
alAJoWHOCTb: 

00 ao  100  Ita/rt  & 
OntBbiuie  100  k am  (< 


^^SjieKTpoaBHraTejiH  npii  pafioTe  b  arpeccHBHoft 
cpeje,  apx  bucokoh  TCMoepaTypc,  b  yc-ioBMAx 
•g-*-.  nOBUUltiHHblX  BJiaWHOCTH  H  3arpfl3HCH HOCTH 


TLPadora  a  oany  cueny 

^MoillHOCTb:  /C~-t 

ST\a o  100  Kam  _ - 

•£)  ^cBbime  100  /com  ££y 
C7>JfcaoTa  8  ABB  CUeHbl 
'S^lowHOCTb:  s-s 

jfjko  100  k an 
T’aX?cBbiaie  100  turn  &JP 
\M,  PafiOTa  B  TpH  CMCHbl 
J  @MoiUHOCTb:  _ 

0no  100  Kam 
(SmcBbiuie  100  tin  © 


e^A>ucAb-reH«paTopu 

1,.  Pafiora  a  oaHy  cMeny 
^fOiOiopocTb  apameHHB:  , 

©ao  500  oS/mh&Q  ....  .  .  . 
/fig)  500  00/muh  h  0  tame  63© .  .  .  . 
®'2JaC5oTa  a  abo  cmchm 
^yCKopocTb  BpameHiigA-^ 

©ao  500  oS/muh  wR  .  .  .  . 
500  q6/muh  h  Bbiuie  . 

®^aiPaGoTa  b  Tpii  cweHbi 
^)CKopocTb  BpauiemiHL— 

©AO  500  06'mn  .v3?  .  •  .  ■ 

i_«\  500  o<5/muh  ii  Buuie  .  .  .  . 

^"PeryanpyiouiHe  itpiioopbi  h  yerpoiiCTBA 


IS 

1.98 

3.7 

15 

0,39 

3.6 

IS 

1.98 

4.44 

15 

0.39 

4.32 

15 

4.69 

4.44 

15 

1.41 

4.32 

15 

4.69 

5.55 

15 

1.41 

5.4 

15 

4,69 

.6.65 

15 

1.41 

6.48 

Key:  (1).  Designation.  (2).  Standard  coefficient  cf  effectiveness 
(3).  Depreciation  allcvarces.  (4).  Expenditures  for  operation  and 
routine  repair,  (5).  In  ali.  (6).  renovation.  (7).  major  overhaul 
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:  power  lines.  (9}  .  On  metallic  and  reinforced  . 

(13).  kVpr*  above), 

;.  (10).  Voltage.  (11).  to.  (12).  kV^U)  .  On 


(8) .  Air  electric 
concrete  supports, 
supports  from  impregnated  wccu  witn  reinforced  concrete  attachments. 
(18).  on  supports  frctn  impregnated  wood.  (16).  Cn  supports  from 
unimpregnated  wood.  (17).  Cable  lines.  (18).  laid  in  earth/grcund  and 
under  water.  (19).  Laic  at  location.  (20).  Power  electrical 
equipment,  distributers  and  suostations.  (21).  Electric  motors.  (22). 
«crk  in  one  exchange.  U3).  fewer.  (24).  kw.  (25).  it  is  mere  than. 
(26).  Work  in  two  excharges.  (27).  Mark  in  three  exchanges.  (28). 
Electric  motors  with  work  in  aggressive  medium,  at  high  temperature, 
under  conditions  for  thesa  increased  of  humidity  and 
pollution/contaminat ic t.  (29).  Diesel  generators.  (30).  Rotational 
speed.  (31).  r/min.  (32).  r/min  are  above.  (32).  Control  instruments 
and  devices/sguipment. 


Notes:  1.  Depreciation  allowances  are  given  in  accordance  with 
"The  norms  of  depreciation  allcwacce  on  the  fixed  capital  for  the 
national  economy  of  the  CSSB%,  afrarmed  ty  the  resolution  of  the 
Council  of  Ministers  of  tae  CSSS  from  1  September  1961  No  802  (they 
are  put  into  operation  from  1  January  1963). 


2.  Values  of  deductions  for  renovation  are  determined  in 
accordance  with  "Procedure  of  tecnrical-eccncmic  calculations  in 
power  engineering,  affirmed  ty  resolution  GK  cf  council  of  Ministers 
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of  0:3 SR  for  science  and  technology  on  12  October  1966. 


FOOTNOTE  ».  Values  of  deductions  fcr  aaintenance/servicing  and 
routine  repair  according  to  the  data  of  VGPI  Energoset ' proyekt.  For 
the  metallic  and  reinforced  concrete  supports  in  the  numerator  are 
shown  the  values  of  the  deductions  for  single-circuit,  in  the 
denominator  -  for  the  twin-circuit  supports.  In  the  brackets  are 
given  the  corresponding  values  for  the  areas  with  the  contaminated 
atmosphere. 

2.  Values  of  deductions  rcr  aaintenance/servicing  according  to  data 
of  Giprokcmmunenergo . 

3.  Values  calculated  fcr  aaintenance/servicing  are  given  within 
limits,  indicated  in  [21]. 

Page  218. 

The  coefficients  of  toe  annual  deductions  to  the  renovation,  the 
major  overhaul  and  the  aaintenance/servicing  fcr  the  lines  of 
electrical  networks  in  the  dependence  cn  their  design  for  the 
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transformer  substations,  distributors  and  power  electrical  equipment 
are  given  in  Table  10-2.  In  tnis  table  the  values  of  the  deductions 
to  the  renovation  are  calculatea  according  to  formula  (10-5)  and  data 
cf  Table  10-1. 


In  general  in  the  presence  of  structural  members  with  the 
different  values  of  total  annual  deductions  expenditures  are 
determined  from  to  the  formula 

3-2PK+Cu  py 6.(i)  (10-6) 

Key:  ( 1)  .  r ub . 

During  the  determination  of  total  expenditures  for  the  object 
whose  construction  is  realized  on  development  stages,  it  is  necessary 
to  provide  for  bringing  all  expenditures  up  tc  cne  moment/torque  of 
the  development  of  object. 

The  reduced  expenditures  are  determined  from  to  the  formula 

r 

3=£  3ia‘.  py6.,0  (10-7) 

Iml 

Key:  ( 1)  .  rub. 

where  a  -  the  reduction  coefficient,  equal  tc  0.87; 

T  -  number  of  years  of  tne  calculated  development  period  of  the 


cb  jec  t; 
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3,  ~  expenditure  cf  the  t  year  the  development  of  object,  rub: 

3,~  (2pK),+*C„.  py6.@  (10-8) 

Key  :  ( 1)  .  rub. 

In  f oraula  ( 10-8)  : 

{-pK)>  -  the  yearly  deductions  iioa  the  leans,  inserted  in  the  object 
in  the  t  year,  rub; 

AC,. ,  -  change  of  the  ccst/value  cf  losses  in  the  t  year  in 
comparison  with  (t-l)-th  year,  rut. 

For  the  first  year  the  operation  of  object  by  AC„  should  be 
understood  the  total  ccst/value  cf  the  losses  of  electrical  energy  in 
this  year. 

The  cost/value  cf  the  losses  cf  electrical  energy  is  determined 
frem  to  the  formula 

C.-d(a*,AP*  +  pA/1).  py8„(7)  (10-9) 

Key:  ( 1)  .  rub. 


where  -  greatest  lesses  of  active  power,  kW; 
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AA  -  annual  losses  cr  electrical  energy,  k8*h; 

-  coefficient  of  the  coincidence  of  design  load  cf  the 
pro jectad/designed  object  with  tne  maximum  cf  the  pewer  system;  it  is 
accepted  in  the  dependence  cn  tre  graphs/curves  cf  the  load  cf 
object,  and  power  system  (witn  the  coincidence  cf  maximums 

a  -  the  specific  expenditures,  caused  by  the  need  of  expanding 
the  power  plants  for  the  compensation  for  power  losses,  rubles/k»; 

3  -  specific  expenditures  ror  the  expansion  of  the  fuel 
resources  for  mining  supplementary  energy  and  on  the  payment  to  the 
prime  cost  of  its  consuapticn/prcducticn/generaticn,  rubles/ k w«h ; 

6  -  coefficient,  wnicn  considers  an  increase  of  the  cos t/valua 
cf  electric  power  in  the  dependence  on  the  distance  of  this  cbject 
from  th j  power  supply. 

Values  a  and  0  for  airferent  power  systems  cf  the  USSR  fer 
1970- 1975  are  given  in "fables  1C-3. 


oiiXM 


Pa  ge  219 
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The  values  of  coefficient  4  ter  the  tentative  calculations  can 
be  accepted  within  t ha  limits: 

Mets  by  the  voltage  are  1 1 C  kV  and  are  higher  ...  6=1.05-1.1. 

Nets  6-35  kV  ...  6=1. 1-1.2. 

Nets  to  1000  V  ...  6=1. 2-1,  3. 

Formula  (10-9)  for  determining  the  cost/value  of  the  losses  of 
electric  power  can  be  also  represented  in  one  of  the  following 
versions: 

C.-y.AP.,.  py<5;  (0  (10-10) 

C.-y.A/»,  py6.  ©  <10-1 1) 


Key:  (1)  .  rub. 

where  y t  -  a  cost/value  cf  1  cr  the  greatest  losses  of  the  active 
power: 

Yt-i(o/C.+(h),  pyOfKtr,  o')  (10-12) 

Key:  (1).  rubles/kw. 

y2  -  cost/value  1  ks*h  or  the  losses  cf  the  electrical  energy: 
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T»  —  »  4-  pyt/nem  tiO}  (10-13) 

Key:  (1).  rubles/kW» h. 

r  -  annual  number  c f  nours  cr  the  maxima  losses  of  active 
Fower . 

Example  10-1.  Tc  make  tae  technical-economic  comparison  of 
tvc  versions  of  the  development  of  distribution  network  10  kv  of  the 
city  district  under  ths  fciicving  conditions. 

Total  cost/value  of  tae  reconstruction  of  the  net  of  90  thousand 

rub. 

Yearly  deductions  from  capital  investments  p=0.  1756. 

Value  of  the  calculated  development  period  of  3  years. 

The  1st  version.  The  reconstruction  of  net  is  made 
simultaneously  in  the  first  year  or  calculated  period.  The  yearly 
cost/value  of  the  losses  cr  electrical  energy  fcr  this  version 
comprises: 

The  1st  year  -  0  tncusana  rut;  the  2nd  year  -  8.5  thousand  rub; 
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the  3rd  year  -  9  thousand  rut. 

The  2nd  version.  The  reconstruction  of  net  is  realized  during  3 
years  with  yearly  investssnts  of  30  thousand  rub.  The  ccst/value  cf 
the  losses  of  electrical  energy  m  this  case  coafrises:  the  1st  year 
-  11  thousand  rub;  the  ind  year  -  10  thousand  rub;  the  3rd  year  -  9 
thousand  rubles 
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Tables  10-3.  Values  cf  values  a  ana  f),  entering  the  formula  cf  the 
cost/value  of  the  annual  .Losses  of  electric  pcwer  for  different  areas 
OES  to  1970-1975  (according  tc  the  data  institute  Energoset * proyekt)  . 


1 

py6/*tm 

?.  pyGfkvn  n 

•  (fcc  Uetrrpa,  KDm,  Ce»cpo-3ana/ia,  3aKaBKa3b*, 

floBo^wbA  h  y  jxwia . 

21,17 

0.169- 10-* 

/5j03C  ilajbaero  Boctona  a  3i&>  fiKn.it>* . 

28,6 

0.294-20*’ 

toVQSC  Cpejmefl  Aohh . 

|t)p3C  uurrpa.ibuoA  Cn6apn  ■  Cescpttoro  Kaaax- 

20,65 

0,223- 10*’ 

25,36 

0.075- 10*’ 

Key:  (1).  Area.  (2).  rutles/kk.  (3).  rubles/kn*h.  (4).  OES  of  center, 
south,  northwest,  Transcaucasia,  Volga  area  and  Orals.  (5).  CES  cf 
Far  East  and  Transbaykal.  (b)  .  CES  of  Central  Asia.  (7).  OES  cf 
central  Siberia  and  North  Kazakhstan. 

Page  220. 

Solution.  According  tc  fcraula  (10-8)  vs  determine  expenditures 

for  the  first  version: 

3«-(0.l756-90+8)  0, ■87+ (8,5—8)  0J7«+(9-W)  -0,87*- 
-21.5  nit  py6.;  Q) 

Key:  (1)  .  thousand  of  rut. 

for  tha  second  version 

3:  -  (0. 1 736  •  30  + 1 1 )  •  0.87  +{0.'l  756  •  30  +  ( 1 0- 1 1 ) )  •  0,87* + 

+(0,1756 •  30+  (9— 10)1  •  0,87’ -20,1  toc  py 6-0) 

Key:  (1) .  thousand  of  rut. 
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Th -3  second  version,  union  foresees  the  insertion  of  means  in  the 
reconstruction  of  net  tj  eguai  jcrtions  during  3  years,  proves  to  fce 
more  economical. 

Example  10-2.  To  determine  the  cost/value  of  the  losses  cf 
electrical  energy  in  distribution  network  360  7  of  the  industrial 
enterprise,  which  obtains  feeu  trc#  OES  cf  Urals,  for  the  following 
values  of  a  number  of  hours  cr  the  maximum  losses:  r1=2S00  and 
t2=5000,  if  the  annual  lcssss  cf  electrical  energy  in  the  nat 
comprise: 


800 ooo  k\J  -h  and  *■-!. 

So  lution.  The  cost/value  cf  the  losses  cf  electrical  energy  we 
determine  from  formulas  (10-13) and  (10-11).  Through  Tables  1C-3  we 

find  for  OES  of  Urals  the  values  of  coefficients  cf  a  and  0: 

a -24, 1 7  py6{K8T;  (?) 
p-0,469- 10-*  py6lK<n  -*.(2) 

Key:  (1).  rubles/kil.  (2).  rubles/* s*h. 

After  accapting  the  values  cr  coefficient  fi-1.3  let  us  find: 

for  a  number  of  hours  cf  the  laxinui  losses  t,=2500 

/  2*  17-1  \  6) 

Y,  **  1 ,3  f  0'^-+ 0,469- 0.0186  py6/Ktm  %-, 

C„ -0,0180-  800  000-14  900  pyS  ;L^ 
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Key:  (1).  rubles/kW*h.  (2).  rub. 

for  a  number  of  hours  ci  rue  losses  i 

/  24.17-1  \ 

t,- 

Cm**  0,0123- 800  000  -9 

Key:  (1).  rubles/k»« h.  (2).  rut. 


r2=5COO 

0 

*=0,0123  pyO/Kem  t 
830  py6.© 
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"Table  10-4.  Cost/value  c£  cue  ccnstructi.cn  1  km  of  aerial  line  to  1 
kv  (without  the  cost/valua  of  wares) . 


(i\ 

v  J  KoitcrpyicaMa  onop 

(j)  PaftoHi 
- 

no  rononeay 

tf  CCCP 

no  ^ojixTHo. 
.wy  itanopy 

mt  pa 

Cto«moct», 

py*- 

P* 

.ucpf'samiwe  ojjopu  c  .icpeBHHHbiMii 

i — ii 

I— IV 

912 

npHCtn8K;iMM 

at 

1 1- IV 

973 

tv 

lll-IV 

1  230 

Je/cBsimuc  onopu  c  we.ieaoOeTOH- 

i — ti 

I — IV 

946 

iibiyii  npucT.iBK.iMii 

tit 

il-IV 

1  024 

IV 

III— IV 

1  301 

JK^rH^oOeTomiue  onopu 

I-1I 

1— II 

843 

III 

III— IV 

897 

Kay:  (1).  Constructicn/aesign  ct  supports.  (2).  Areas.  (3). 
Cost/value,  rub.  (4).  on  ice-covered  surface.  (5).  cn  velocity  head 
of  wind.  (6) .  Hocden  supports  warn  wooden  attachments.  (7) .  flcoden 
supports  with  reinforced  concrete  attachments.  (8) .  Reinforced 
concrete  supports. 

Fage  221. 

Table  10-4-10-14  gives  the  enlarged  indices  of  the  cost/value  of 
air  ard  cable  lines,  trarsicraer  substations,  distributors  and 
capacitor  banks  *. 


FOOTNOTE  >,  The  enlarged  indices  ard  values  during  calculations  must 
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SAGE 


be  corrected  cn  the  operating  price  lists.  ENEFCCTNCTE. 

Tables  10-4  and  10-5  are  comprised  according  to  the  data  of 
VMlPlsel’elelctro,  remaining  tarles  -  according  to  the  data  of  the 
Bostov  Department  of  the  institute  of  Elektr cpr cyekt.  The  tables 
indicated  are  intended  icr  the  use  during  the  technical-economic 
calculations. 
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"Fable 
kV  cn 


Key: 

Table 

kV. 


10-5.  Cost/value  cf  tae  mounting  1  km  cf  the  wire  of  line  to  1 
the  established/instailea  supports. 


^Mapua  h  cenenHe  npoBOAOB . . 
yiCTOHMOCTb,  py6.  . . 


nco-4 

nco-5 

nc-2S 

nc-35 

AC- 16 

38,5 

l  55,4 

62,9 

96.3 

74.  G 

n  pddOAXCHUC 


^MapK a  H  Ce*(€!iHe  npOBOAOB  . . 
SfcrOHMOCTb,  py6 . 


1 

1  AC-25 

A- 16 

A-25 

A -35 

A -50 

A-70 

| 108,2 

69. 3 

92,3 

113.1 

141.2 

204.6 

( 1)  .  Brand  and  the  section  cf  wires.  (2).  Ccst/value,  rub. 


10-6.  Cost/value  cf  the  construction  1  km  of  aerial  line  6-10 


ce^etme 

opoaodo* 

^7)  CroauocTb.  py6. 

AepeMi(iwc  onopw 

ZIepcBj/iiMfic  onopw 

C  JKC.iejOflCTOttllWMH 
rtpHCTaBKOMH 

/Ke^eSoOcTciiiiwe 

onopu 

A-25 

800 

A-35 

1  275 

1  065 

*50 

A-50 

1  380 

1  165 

910 

A-70 

1  495 

1  280 

1  155 

A-95 

1  695 

1  505 

I  315 

A-120 

1  840 

1  650 

1  435 

AC- 16 

1  070 

910 

- - 

AC-25 

1  105 

955 

830 

AC-35 

1  260 

1090 

960 

AC -50 

1  365 

1  225 

1  095 

AC-70 

l  560 

'  1  405 

1  255 

nc-25 

965 

885 

830 

nc-35 

1  010 

930 

850 

nc-50 

1  125 

1  005 

900 

nco-4 

— 

— 

655 

nco-5 

— 

— 

675 

Note :  1.  Table  gives  tee  ccst/value  of  the  lines,  planned  in  the 


unpopulated  locality  ir.  tne  1  area  of  climatic  conditions  on  the 
ice-covered  surface  for  tne  first  group  cf  structures  of  Mcsccw 
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1 


region. 

2.  During  composition  oi  tecarical-econcaic  calculations  for 
ar-*as  are  considered  coefficients:  for  II  climatic  area  in 
ice-covered  surface  K=1.1#  icr  Hi  area  K=1.2,  for  IV  area  K=1.35. 

3.  During  construction  cf  line  under  urban  conditions  and  in 
sections  of  industrial  tuilding-up  is  applied  coefficient  K=1.52. 

Key:  (1).  Brand  and  the  section  cf  wires.  (2).  Ccst/value,  rut.  (3) 
Wooden  supports.  (4)  .  iccden  supports  with  reinforced  concrete 
attachments.  (5).  Reinforced  concrete  supports. 


CtOKMOCTb  npoK^JAKII  I  KM  Kaue.1V  ( pyC. )  npu  CeHCHMU.  MM 1 


1 

i  ! 

.M 

CB 

i 

AB 

CB 

AB 

AAB  3 


ACB  3 
AAB  3 
AHBB  3 


10  M  Co 


A  ACB  3 
AAB  3 
AflBB  3 


SO 

1 

0 

05 

J20 

■ 

ISO 

is: 

2  600 

3  270 

4  130  1 

4  980 

5  900 

7  280 

2  270 

2  880 

3  620 

4  370 

_  j 

_ 

2  S10 

3  780 

3610 

5  560  | 

6  680  1 

8  130 

2  600 

3  230 

4  130 

1  — 

—  ; 

— 

1  030  I  200  I  330 
880  1  000  1  100 
970  1  1 40  I  270 
1  300  1  480 

l  050  1  220 
90011  010  I  1  190  1  380 


1  740  2030  2330  2730  3  330  1  4  020  1  4 920  I  5  790  I  6730  I  8040 
1  470  l  670  1  920  2  290  2  760 


1  640  l  820 
330  I  450 
1  490  1  590 


2  500  2760  3  180  3  740  4  420  5  300  6  160  1  7  320  1 8  530 


2  340  2  470  2  770  3  080  3  420  3  900  1  4  390  4  910  5  575 

1640  1  750  1  980  2190  2  430  2  960  1  3  300  3  580  j  4  420 

3000  3  350  3  730  4  060  4  500  5  090  I  5  610  1  6  180  j  — 


M 

car 

3 

ABr 

3 

cEr 

4 

ABr 

4 

2580  3  230 
2  250  2  870 
2  780  3  750 
2  550  3  270 


5  980  17090  |  9070 


8  060 


920  1  1  030  1  200  1  340  I  53 

900  1  010  1110  1  27 

3  1  540  570  610  690  760  860  97 

—  900  970  1  100  1  290  1  450  1  71 

—  —  850  940  1  050 

Anttfl  4  1580  600  640  720  810 


I  670  !  960  2  240  2  680 
1420  1610  1860  2  240 


bIio-  1  I  M  err-  !  3  320  880  9S0  1  130  I  450  1  800  2  150 

kc  ’  6  I.Vtkrr  3  —  —  —  1830  12  100  2  4  10  3  390 

10  M  err  3  —  —  —  —  2  530  2  070  3  399 
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Table  10-8.  Cost/value  ct  cnutes/trays  and  composite 

const ructions/dssigns  for  tne  catle  laying  in  the  channels  and  the 

tunnels. 


HjaNCIMlHK 

/4> 

Flmmna 

H)MepC1IN« 

~w 

Cron- 

MOCTk, 

p>6. 

Jksrxti  tuTannoH3Haue 

m  i  . 

520 

bhopHue  KOHcrpyKium  npn  KOnmccrae  no.iou 

3 

100  Koun-i. 

150 

4 

170 

5 

190 

Key:  (1).  Designation.  (2).  Unit  measurement.  (3).  Cost/value,  rub. 
(4)  .  Chutes/trays,  staaped/die-tor ged.  (5) .  Composite 
ccnstructions/design s  wita  yuantity  of  shelves.  (6).  sets. 

Table  10-9.  Cost/value  ct  trenches  on  1  running  km. 
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FAG* 


4>' 


Tmle  10-9. 


O'* 

fcwiirie- 

^iromocTw.  py 6.  np*  xaTeropiui 
rpyiira 

Tpmmea 

CT»0 
Katie*  tft 

■ 

II 

III 

M 

C  ywon  ctohmoctk  nepexoAOB, 

i 

1770 

2010 

2  230 

pa36opKH  h  soccTaHoaneHiifl 

2 

2  490 

2815 

3  085 

ilOCTOaoS,  CT0HM0C7H  6.10 KOB, 

3 

3  240 

3  610 

3  970 

Tpy6,  KHpnHia  H  necxa 

4 

4  010 

4  520  | 

4  930 

S 

4  805 

5  4 15 

5  900 

6 

5  575 

6  295 

6  865 

7 

6505 

7  330 

7  970 

* 

8 

7  445 

8  335 

9  050 

' 

9 

8375 

9  375 

10160 

A rt 

10 

9315 

10410 

11  275 

B©3  yum  ctohmocth  nepexOAoa 

1 

610 

60S 

825 

2 

760 

■  840 

980 

3 

930 

1  010 

1  030 

4 

I  135 

I  235 

1  420 

S 

1  360 

1  470 

1  690 

6 

1560 

1  695 

1  945 

7 

1915 

2080 

2  360 

8 

2  270 

2  430 

2740 

9 

2  645 

2815 

3  155 

10 

3015 

3200 

3  570 

Note.  Digging  and  charging  cf  trenches  are  conducted  by  hand 


Key:  (1).  Trenches.  (2).  quantity  cf  cables.  (3).  Cost/value,  rub 
with  category  of  soil.  (4).  Taking  into  account  ccst/value  cf 


transitions/ junctions,  disaantling  and  r estcration/reduction  cf 


bridge,  cost/value  of  tlccxs,  tunes,  brick  and  sand.  (5).  without 


account  to  cost/value  cf  transiticns/juncticns. 
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Table  10-10.  Cost/value  or  blocks,  channels,  tunnels,  piers  on  1 
running  km. 


(0  '  .1 

Hjhmcmomhhc  h  xapaurcpHCTlKl 

^Jbronwrx.rw,  py<5. 

jjl 

Cyxoft 

rpyHT 

usr 

pbi8 

rpyiir 

(3)  D40KM 

,  v  - 

CVJIpR  'tnr;ie^0Ta<»p«TnA  (c  xonovmca); 

4 

fl 

* 

to  - 

12  100 

14  200 

10  200 

I8  2O0 
20  200 

1 1 1 1 1 

(?Vanajiu. 
•k.ho'ijh  nepe- 
*<Mbf  no  a  *C- 
^dHoaopom- 
mmmh  nyrnun 
n  aaroAoporu- 
MK 

CDK3«.7jim  .wjiyrijiriiiue  (700  mm 
ot  ypoaim  aeminj  , 

*fcc't«Mlie.  MM 

wnyfiflo 

finoxeoo 

500X450 

27G70 
22  200 

1 9  400 

So*  & 

m 

[»«)Kj«I3.TW  Mr.TjY?2fClfKfcf€  yCflitCK- 

»WC  (>00  MM  OT  ypoailil  Se.MJIH) 

900X600 

60(1X600 

600X450 

32  '>70 
26  350 
23  100 

(0  070 
32  800 
28  600 

“jK.Hi.iM  nMy  wji,sWi«w 
(300  MM  OT  ypoaua 

90UXr>00 
C00X  600 
600X450 

26  M0 
21  GOO 
18650 

34  880 
27  980 

24  430 

(^T)rline.1» 

^^npcTo.mwe 

lo.iy  npoxn  .i  it  Me 

2  000X  2  200 

1  500X6  000 

74  000 
120.000 

87  500 
144  000 

(j^Ta.tcpo«  if 
ac  Tan  jam 

J^Tim  1  (o.tixvirmiMft)  ciuipbux  Kjfcjidl  tfi— 42, 
iron  rpo.ih mux  ilO— 102 

63  000 

06  000 

tf&un  2  (r.i.jcpe<lHbifl)  outosux  xatf tjie/l  54— (20, 

|  KOHrpO.'ThHMX  180—006 

05  000 

(SO  000 

<i?Vlnn  coanriaermoft  npofMajiRC  xuOfJieft  no  acTa- 
Raaau  c  TcxiiaioritfccKiiuv  TpyOonpoaooaMS 

20  000 

Note.  In  cost 
construction  work. 


is  taken  into  ccnsiderat icn  entire  complex  of 
inducing  tie  ccst/value  c£  materials. 


Key:  (1).  Name  and  characteristic.  (2).  Cost/value,  rub.  (3).  Dry 
soil.  (4).  Met  soil.  { 5 j  .  EIccks.  (6).  Hith  lumber  cf  openings 
(taking  into  account  pits).  (7).  Channels,  sunk  (700  mm  from  ground 
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level).  (3).  Section,  m.  (9).  Cnannels,  including 
transitions/ junctions  under  railway  lines  and  highways.  (10)  . 
Channels  sunk  intensified  (300  it  iron  ground  level).  (11).  Channel 
partly  buried  (200  mm  from  ground  level).  (12).  Tunnels.  (13). 
Passage.  (14).  semiaccess.  (13).  Type  o*  1  (singe-circuit)  power 
cables  18-42,  control  rooms  60-10^.  (16).  Galleries  and  pier.  (17). 
with  combined  cable  layirg  on  piers  with  technological 
conduit s/ man if olds. 
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Table  10-11.  Cost/value  cf  transrctner  substations. 


Has weiir-a.) nne 

MosblOCTfc 
TpaWC.pOp- 
Mjropa.  K*a 

j)cronMocTb  Tf 

C  OflllllM  TpaHC 
n^tjopwaTnpoM  ( 

h  rwc.  pyrt. 

c  AsyM4  t  pa  iic* 

Jt>OpMdTOpaM|| 

((•lOrje-iiiHO  CTOfUium  TpaHCtpop- 

100 

2, at 

6,79 

Maropn.m  noACTjHUim  6— 10/0,4  ks 

JG0 

3,20 

7,24 

no  TimoBOMy  npoeuxy  fHnpoKOit- 

2S0 

3.23 

7,00 

MVIQHCprO 

400 

3,42 

7,97 

G30 

4,09 

10,49 

O’)  KoMn.1eKTIl.lH  TpilKl|lOpMllTOp- 

180 

4,16 

— 

H.m  nojicr.muim  THra  KTII 

320 

4,37 

9,00 

6  0,4  na 

500 

6.07 

12,27 

400 

4,09 

8,53 

030 

11.46 

22,70 

1  000 

12,97 

20.04 

(*)Al.i'irocue  kiiockh  G,  04  #r« 

100 

1.23 

_ 

ion 

1.34 

— 

* 

,  250 

>  l.GA 

1 

Kay:  (1).  Designation.  J2).  £  ever  cf  transfcrner,  kVA.  (3). 
Cost/value  TP,  thousand  cr  rue.  (4).  with  one  transfcrner.  (5). 
two  transformers.  (6).  Separate  transfcrner  substation  6-10/C. 


standard  projact  Giprc 
substation  of  type  KTP 


kc  maunener  gc  . 
cf  o/C.4  *V. 


(7)  .  Ganced  transfcrner 

(8) .  Hast  tewers  6/0.4  kv. 


with 
kg  on 
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Table  10-12.  Cost/value  cf  distributors  to  1C  k V  of  the  type  RSO-2 


cs. 


^  HalumiuH 

Tm«  n/w 

Tpauci|»pMaiopa  1  ii.Mhuuft 
Haniiaamiita  1  tok.  a 

(4)Cio«- 

MOi'Tfc, 

P)6, 

(j>)Booa  m  TpniiccjxipMaTop  nanpHjaemm 

HTMH  IHTMK 

000 

027 

('G'Bsoa  hjih  orxoflmuasi  .iHHim  c  MB*' 
r  Tana  BMn 

nnM  (11) 
ria  (ric) 

1  000 

1  UOO 

2  153 

1  933 

(J)  BbOA  II.1H  OTXOAHHE1H  JIHIIHH  c  MB 
THna  BMn 

nnM  (ii) 
ns  (ric) 

1  SCO 

1  300 

3  051 
2381 

fi\Beoa  or  caaoBoro  TpaHCspoptiaTopa 
.  c  MB  Tana  BMfl 

nnM  (fi) 
nnM  (n> 
na  (ric) 

113  (I1C) 

1  ‘00 

3  000 

1  300 

3  000 

3  031 

3  451 

2  801 

3  111 

Bboa  ot  chaoboto  TpaHcijKipMaTopa 
'  h  rpaiictpopaaTOpa  coGctbchhux 

iiyatA  ao  03  km 

nnM  (nj 
nriM  (fi) 

.  (13  (I1C) 

ns  (ncj 

1  SCO 

3  000 

1  500 

3  000 

33GI 

3741 

3  231 

3  501 

(i«)npoxofliioA  bboa  c  MB  THna  BMn 

nnM  (m 
ri3  (lie) 

1  500 
1500 

3  031 
2«01 

(i'\  Bboa  a  TpaHCitopuaTop  coder  dchhux 
v  nywA  TM-25/10.  OM-4/10 

nnM  <n> 
ns  (ncj 

1500 

I  500 

3  341 
3341 

(j^OrxoAfuuaa  ahhini  c  MB  THna  BMn 

nnM  (ii) 
ns  (nc) 

I  500 

I  500 

2  1 13 

I  813 

(‘'VOrjoAHiuax  aiuma 

np-2 

•100 

777 

(v*\  OrxoaxmaH  amnia  ha a  bboa 

riPA-17 

400 

803 

(is)To  *e 

nPA-17 

400 

903 

(i<gCcanm>HHbift  poabeAmiaTeab 

np-2 

000 

467 

CeauHOimufl  BUKamnaTeab  Tana  BMH 
(H|‘  C  TpntlC(t>OpiH.1TOpOM  lianpHIKClIHfl 

HTMH  (HTMK) 

nnM  (ii) 
miM  in) 
ns  (ric) 
ns  (nc> 

1  500 
3000 

1  500 
3000 

3  231 

3  571 

3  221 

3  391 

[l^CeannomihiA  auaaiaM.TTe.ib  THna  BMn 

nriM  (it) 
rmM  in) 

ns  (rfc) 

03  (IIC) 

1  500 
3000 
1500 
3000 

2  871 

3  151 

2  861 
3031 
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TpSiiatopwaTop  lunputtcima  HTMH 
(MT.MK)  IIOM 

HTMH 

400 

897 

PaajpaimiKii 

PBM  (PBri) 

400 

707 

TpStApopM.-iTop  mnpa'/KCHHa  n  pa3- 
pHjiuiKii  PB.M  (PBfT) 

HTMH(HTMK) 

400 

987 

Tp&«c^)opM3Top  Hanp«*eiiHa  c  kok- 
AeHcaTOpa.Mii 

HTMH(HTMK) 

400 

837 

jiw'pc.iKTopnoro  nycK.i  3.iCKTp<U8M- 
rare.ni  c  BbiK.tiO'iaTe.ieM  riina  BMT1 

nriM  (ri) 
ns  (nc> 

1500 

I  500 

4  574 

4  544 

/Li*  peaKTopHoro  nycKa  n  aiiHomi- 
■leCKOrO  TOpMOJKCHHH  J.leKTpOaBH- 
rare.ia  c  aux.wiare.iej*  Tuna  BMn 

nnM  tn> 
na  <nc) 

1  000 
1000 

l 

5927 

5  907 

/L’fei^oTOTpaiic^opMaTopHoro  nyexa 

H  AH  11.1  MU' ICCKOfO  TOpMQ>K€HHH 

321CKTpOJBHr3TC.1»  C  BblK.lK3*UlTe* 
THna  BMil 

nnM  <n) 
na  (nc) 

1  000 

1  000 

7  640 

7  54 0 

O&oiauiaa  .iHMim  k  rpaHCipopMara- 
py  co  cxcmoA  Y jl l  c  BbiK.iiO'iaTe- 
aex  tana  BMn 

nnM  (n> 
na  (nc) 

1  500 
1500 

2  293 
2173 

Pe^pmiaa  aaMcpa.  oaoa.  Msea-Teane 
ceopHbix  UJHH 

np2 

1500 

597 

Key:  (1).  Designation.  (2).  Type  cf  drive  cr  voltage  transformer. 

(3).  Bated  current,  A.  (4).  Ccst/value,  rub.  (5).  Introduction/input 
and  voltage  transformer.  (6) .  lorr cducticn/i nput  or  vaste/exiting 
line  with  NV1  of  type  VCt. 


FOOTNOTE  1.  NV  -  oil  breaxsr.  £iCFCOTNOT£. 


(7)  . 

(8)  . 
(8)  . 


Introduction/input 
I nt reduction/ in  put 
Ir.tr eduction/ in  put 


cr  waste/exiting  line  with  HV  of  type  vmp. 
£rcm  power  transformer  with  HV  of  type  VHP. 
frem  power  transformer  and  transformer  of  its 


i 


DOC  =  30040311 


FACE 


own  needs  to  63  kVA.  (1C).  Passage  introducticn/input  with  MV  of  type 
VMP.  (11).  Introduction/ input  and  transformer  of  its  own  needs 
TM-25/10,  OM-4/10.  (11).  Intrcdtct lon/in  put  and  transformer  of  its 
own  needs  TM-25/10,  OM-4/1C.  (1*).  iaste/exiting  line  with  MV  of  type 
vap.  (13).  Waste/exiting  line  with  MV  of  type  VMP.  (14). 

Waste/exiting  line  or  introauct jcn/input.  (15).  Then.  (16).  Sectional 
disconnector.  (17).  Secticnali2ing  switch  of  type  VMP  with  voltage 
transformer  NTMI  (NT  BK ) .  (13).  Sectionalizing  switch  of  type  VMP. 

(19).  Voltage  transformer  iNTfli  ( NT BK)  NOB.  ( 2 C)  .  Dischargers/gaps. 
(21).  Voltage  transformer  and  aischargers/gaps  RVM  (BVP) .  (22). 

Voltage  transformer  witn  capacitcrs/condensers.  (23).  For  reactor 
launching/starting  of  electric  actcr  with  switch  cf  type  VMP.  (24). 
For  reactor  launching/starting  and  dynamic  tracing  of  electric  motor 
with  switch  of  type  VHP.  (25).  For  autoinductive  launching/starting 
and  dynamic  braking  cf  electric  actor  with  switch  of  type  VMF.  (26). 
Waste/exit ing  line  to  transfcraer  with  diagram  C/D  with  switch  of 
type  VMP.  (27) .  stand-tj  chanter/camera,  intrcducticn/input, 
grounding  of  collecting  mains. 
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Table  10-13.  Cost/valuc  c £  a istr luutors  to  1C 
KRUN. 


(j)  RiauCHOHHM 


CnOutocn, 


0)KoMiiACKmHne  pacnpcde.iuine.ttHtie  ycmpoucmsa  KPY2  10  173 

Hjl'toflxa  c  BUK.iKraTe.icM  mna  BMn  c  npxaoaoM  runa  nnM-IQ  3  060 

(.*>To  *e  c  npiieojoM  Tima  03-11  . .  2  850 

C'W'ieiiK.i  c  Tpanc't»pMiTopoM  HnnpHweHHK .  I  650 

(.■rtfl'iertM  c  paa'bC.iiimiTC.icM  am  naGeabiu*  cGopxa .  1  140 

ftlftqeAica  c  psapKAimKAXR .  I  150 

.  .  1630 

620 


c  Tpa HCi^opMaTopoM  coCcrseMHUX  »y*n  T.M-2  .  .  . 
l^llUiiHonpoBOiiu . . . 

© Komtla eicm HbU  pacnpedeAumeAthbi^ycmpcucmta  KPY-K-M  Y 


®  HqeAxa  c  BUK.noaaTe.ieM  THna  BMn  c  npasoAOH  runa  nnM-10  2  120 

<5>To  hr  c  npHBOAOM  THna  ri3-tt  ; .  1970 

(SBaeflKa  c  TpaHcipopwaTopoM  mnpxweHHH . •  890 

(•jWieflita  c  Tpa HapopuaiopoM  nanp**eHHK  «  {M3p«HHiMiur  ...  990 

SWwflKa  c  paapaaHHKaMii .  . .  740 

(SflqeAxa  c  TpaHepopuaTopoii  coficiiejiHux  Hywa .  840 

(tAjhefliu  c  npeaoxpaHBTejiaMH  .  .  . .  690 

CS) KoMrutKmHue  pacnpede.iumt Atone  ycmpcucmta  KPY  H-K-IV  Y 

(e)flqeAxa  c  uaoiBHUM  BUK.noqaTe.aeu  THna  BiilT  a  npHSOAOH 

mna  nnM .  1 655 

(vTo  we  c  npHBOAOM  T«na  nn/YMO .  1  495 

RqeHita  c  iuc-ihhum  auK.noqaTe.ien  THna  BMn  a  npHBOAOM 

-  THna  nnM .  2  405 

©To  we  c  npHBOJOM  Tuna  nil  (ytlHI) .  2  245 

UPflqefiu  c  TpaHopopMaTopoM  HanpHweHKH  a  paapHAHHXBHH  .  .  .  985 

(wflqeAua  c  TptHcipopHaTopoM  HanpaiKSHHH .  905 

SflqeAxa  c  paapaAHHicauH .  765 

^qllHqeAlU  CCKUHOHHpOBaKHH  C  parkeAHHHTe.’lbKblWH  K0HT3KTBMH  .  .  905 

(tq^flieAaa  c  TpaHapopHampoH  coSctbchhux  Hy*A  ao  63  k la  .  .  121' 

CyKoJuiAeiunmie  pacn  pit  tAumtA  tone  yimpcuanea  KFYH-K-Yn 

(jyflqeflxa  c  xacaxHUH  iux.iicqaTe.ieH  THna  MIT  a  npHMAOH 

THna  n3-2 .  2  115 

^  BqeAxa  cexuuoHHpoaaHHH  c  »UK.no’iare.ieH  MIT .  1815 

y»  JftMeAKa  CeKUHOHHpOBaKHB  C  pa  JbeAHHKKHUHMH  X0HTaKT3Hit  ...  j  105 

4ltUI*a(J»  BMoa  c  pan.eAHHHTC.'«M .  9T*5 

•flqeAxi  c  TpaMcijiopHaTopoM  coficTBeHHux  Hyata  100  a tea  ...  1  295 

"Richm  e  TpaiKtpopMiTopoH  coOeraemux  Hy*A  160  i wo  ...  I  $05 


Key:  (1).  Designation.  (2).  Ccst/value,  rui 


V  of  types  KRU  and 


) .  Cubic  switchboards. 
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(4).  Cell  with  switch  ct  type  VH£  with  drive  cf  type.  (5).  Then  with 
drive  of  type.  (6).  Cell  with  voltage  transformer.  (7).  Cell  with 
disconnecter  or  cable  assemcly.  (e) .  Cell  with  dischargers/gaps.  (9). 
Cell  with  transformer  cf  its  own  needs.  (10).  Busbars.  (11).  Cell 
with  voltage  transformer  ard  aiscnargers/gaps.  (12).  Cell  with  safety 
devices/fuses.  (13).  Cell  with  oil  breaker  of  type  VMG  and  drive  of 
typp  PP1 .  (14).  Cell  of  partitioning  with  disccnscting  contacts. 

(15).  Cell  with  transformer  or  its  own  needs  to  63  kVA.  (16).  Cell  of 
partitioning  by  switch  flGG.  (17).  Cabinet  of  intred uction/input  with 
disconnector.  (18).  Call  with  transformer  of  its  own  needs  of  100 
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table  10-14.  Condenser/capacitc r  installations  0.38;  6  and  1C  kV  cf 


the  Ust ’ -Kamenogcrsk  ccrd6as€r/capacitor  plant. 


IjJ  HaatMHottHie 

Crcai&crfc.  pit. 

Yitilhn 

QTONMOCT  k. 

puthuxp 

(4 \KoHdtHcamopHue  Samapeu 
.  mymptHHeu  y 

KKy-0,33-1,  80  Ktapfo 

KKy-0.33-lH.  160  Ktgp  (a 
KKy-0.38-IIl.  160  MpW 5PB-1 

KKy-0,38-V.  280  Map  ^ 

KKy  O-38-V,  280  BPB-1 

HanpsLjKCHueM  t 

cmcHCaiai 

1  1 080 

1925 

2085 

2965 

3  135 

1.38  K8 

!  13.5 

12 

1  13 

10.6 

11.2 

(5) 


KoHdencamopHbte  Samapeu  nan pnj*c shiism  6—10  kb 
ihu  m  penned  ycmaHoanu 


Ky-6-I,  330  k, 
Ky-6-I,  330  k 
Ky-6-II.  500 
Ky-6-U,  500 
Ky-10-I,  330  *! 
Ky-10-I,  330 
Ky-!0-II.  500 
Ky-10-H,  500  it, 


2  165 

2  320 

3  070 
3  230 
2  180 

2  335 

3  075 
3  235 


6.6 

7.0 

6.15 
6.45 
6.6 
7.1 

6.15 
6.45 


i p,  T  bPB-2 

(l)  KoHdeHcamopHbtc  Samapeu  nanpn  Kenaex  6—10  u 
napyxcnou  ycmanoanu 

&  J  2220  |  5,3 

p,  c  BPB-2 


KyH-6-II.  420  it, 
KyH-6.II,  420 
KyH-io-ir.  400 
KyH-10-U.  400 


2  220 
2375 
2320 
2  480 


5.65 

5.8 

6.2 


Key:  (1).  Designation.  (2).  Ccsx/vaiua,  rub.  (3).  Specific 
cost/value,  rublss/quar ter .  14) .  capacitcr  tanks  by  voltage  C.38  kV 


cf  internal  installation .  (5).  kilcvar.  (6).  s.  (7).  Capacitor  banks 
by  voltage  6-10  kV  of  external  installation. 
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Section  Eleven 

SEGDLATING  VOLTAGE  AND  CCdfENoAUCN  FOB  BEACTIVE  POMEB. 

11-1.  Basic  condition/pcsiticns. 

The  problem  of  regulating  the  voltage  in  the  electric  nets  is 
the  guarantee  cf  noriral  tacnnacal  specifications  and 
ef f iciency/cost-ef feet iveness  cf  the  jcint  operation  of  the  electric 
nets,  electrical  receivers  and  cccnected  with  them  production 
mechanisms. 

Questions  of  balance  and  distribution  cf  reactive  power, 
selection  and  arrangemect/pcsiticn  of  its  sources,  increase  in  the 
factor  of  power  and  ef ficiency/ccst-effectiveness  of  the  work  of 
electrical  networks  must  he  examined  together  with  guestiens  cf 
regulating  voltage. 

The  fundamental  method  cf  regulating  the  voltage  in  distribution 
networks  6-20  kV  is  regulating  in  the  centers  cf  feed  (TsP) .  Ey  TsE 
are  implied  the  busbars  t- *\j  *V  of  the  distributers  cf  reducing 
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substations  or  electrical  stations. 

All  transformers  in  IsE  must  te  established/installed  uith  the 
device/equipment  of  regulating  lcaa  stress  (HEN).  Failure  of  the 
use/application  on  the  reducing  surstaticns  with  the  secondary 
voltage  6-20  kv  cf  transformers  tilth  BPN  must  be  based  by  the 
technical-economic  calculation. 


Table  11-1.  Fundaaental  pa rameters  of  poser  tank  transf'oraer: 


autctransf ormers  with  Eifc. 


T.a  TpiMClfcOP-  MT]  (?) 

Himpi  had  aukui  Kwcc  Hinp<«<- 

VTOTfMMClpOp-  UOUI'OCTk.  HUH.  m 

•utop*  Mta 


(y)  Hon.mamum  mapikwi  aOwmw.  n 


Ls) 

CitXM  M  rpynni  io- 
CAUNCHkfl  OflllUTOH 


( pOHctpopMdmopu  mpextpZ3Hbi»  dtyxo6Mam<r<Hbu,  PflH  i W */•■  ±5  cmynentu. 


0,23;  0.4 
0.4 

0.23;  0.4 
0.4 

0,23;  0.4 
0.4 
0.69 

0,23;  0.4 
0.4 
0,69 

0.23;  0.4 
0.4;0.69 
0,4 

0.4;  0.69 

0.23;  0.4 
0.4 

0.23;  0.4 
0.4 
0.69 

0,23;  0.4 
0.4 
0.69 


20;  35 
20;  35 

20;  27.5;  35 
20;  27.5;  35 
27,5;  35 
6;  10  - 
6;  10 
5;  10 
10 
10 

6;  10 
10 
10 
10 
10 

20;  35 
20;  35 
20 
35 

20;  35 
20;  35 
20 
35 


3,15 

0.4 

6.3;  tl 
0.4;  0.69 
0.69 
0,4 

6,3;  11 
0.4;  0,69 
0,68 


V/V.-O 

y/z„-u 

y,  v„-o 

y/z,-n 

y/y„-o 

yz.-u 

y/n—  u 

y/y.-o 

y/z„-u 

y  n — 1 1 

y  y.-o 

zi/y«— ii 

y.y.,-o 

a,  y«-ii 

y/yB-o 

yvz„-ii 

y  y..-o 

y.'Z„-u 

y/.a-n 

y/y„-o 

y/z.,-11 

y/;i-n 


y/y.-o 
y/A-i  i 
y/y.-o 
y/A-u 
y/A-n 


u/y— n 

y/y.-o 

A/y,-u 

y/A-H 

A/y.-n 
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TMH 

1.6 

35. 

27.5 

6.3;  11  E 

y/A-n 

TMH 

2.5 

35 

20;  35 

6.3;  It 

y/A-n 

TMH 

2.5 

35 

20 

0.69 

A/y— 1 1 

TMH 

2,5 

35 

35 

0.69 

y/y.-n 

TMH 

4 

35 

20;  35 

6.3;  II 

y/A-i  i 

TMH 

6.3 

35 

20;  35 

6.3;  11 

y/A-n 

G)T panapopMamopu  mpt-xfuantu  OtyxoSttomcnntit,  PfJH  ±12*/*  ±3  cmyntHtu 


TAH 

10 

1  35 

36.75 

6.3;  10.5 

TAH 

16 

35 

36.75 

6.3;  10.5 

TAH 

25 

i  35 

36.75 

6,3;  10.5 

y„A-ll 
y«,a-n 
y*/A — 1 1 


(i)  T pan ctpop Memo pu  mptxtpaiHMt  mptxo6uamcnHnt .  PflH  ±12*/*,  ±6  cmyntHtu 


TMTH 

1  6-3  1 

35 

|  35  | 

10,5;  13,8  | 

6.3 

|  y*'A/A-ll-H 

())To  x<  Pn/i±l2*/,. 

±8  cmyntutd 

TATH 

1  10  1 

35 

I  36,75  I 

10.5;  13.8  1 

6.3 

1  yt'AA-ll-ll 

TATH 

1  16  1 

35 

|  36.75  ! 

10,5;  13.8  j 

6,3 

1  y«/A/A—  ii— i) 

\T  pant  (pop uamopt*  mpex$a3Hut  dsyxodMOmotHue.  PfJH  ±12*/*,  ±8  cmyntHtu  e  HanpnJ<cHueu  k.  j.  l4*/» 


TAHC 

TAHC 

TAHC 

10  i 
10 

10  | 

35 

35 

35 

10.5 

13.8;  15.75 
36.75 

3.15;  6.3 

3.15 

3. 15 

y./A-n 

y,y-o 

y^A-ii 

(io)  To  xct  e  HdnpxMctmitM  k.  ...  10*f* 

TAHC 

16 

1  35 

10.5;  13,8;  15.75; 
18 

1  6.3 

1  A/A-0 

TAHC 

16 

i  35 

36.75 

i  6.3 

1  y^A-u 

* Ml  IV*  J  ***  \  ***•  I  - -  I  »  '  — 

(f 1  )r panafio pjttuno ptt  mpex<f>a3HUt  dtyxo6MOmCHMU  e  pacwtnAeHHUJm  oSuomKami,  PITH  ±12*/*.  ±8  cmyntneu 


TPAH 

TPAH 

TPAH 

TPm 

TPAH 

TPm 

TPAH 


TPm. 


25 

25 

32 

32 

40 

40 

63 

63 


35 

35 

35 

35 

35 

35 

25 

35 


15.75; 

15.20 

36.75 


15.75 
20 

36.75 


20; 

36.75 

36.75 

20 

36.75 

36.75 


6.3/6. 3 
6.3/10.5 
6, 3/6. 3 
6.3/10,5 
10.5/10.5 
6, 3/6, 3 
6.3/10.5 
6. 3/6. 3 
6.3/10.5 
10.5/10.5 
6.3/6. 3 
6.3/10,5 
10.5/10.5 
6. 3/6. 3 
6.3/10,5 
10.5/10.5 


A/H- A- 0-0 

y./A-A-11-n 
u.iH  a/a — xi — o — o 

A/JX-A-  o-o\ 

.  y,/A-A-n-n 
A/ A— A— 0—0 

A/A— A— 0 — 0 

A/A— A— 0-0 
A/ A—  A— 0— 0 
A/A— A — 0—0 
A/ A— A— 0—0 


TMH 

TMH 


l  i  w  i  ao  i  oo, /o  i  i  iu.j/iu.w  i  — . 

(i')7‘ paHafiopMamopu  mpttfasHM  dtyxodMOmotHue,  Pf7ff±16*/»  *  Htumpaxu  BH .  ±9  cmyntutd 


2.5 

6.3 


110 

110 


110 

115 


6,6;  11;  22 

6,6;  11;  22;  38.5 


y^A-n 

yja-u 
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TAH 

TAH 

tp ah 


TPAH 

TPAH 


TPAH 

TPAH 


TPAH 

TPAL1H 


TPAUH 

TPAUH 


TPAUH 

) 


TPAHC 


TPAHC 


(!$ 

TMTH 

TATH 

TATH 

TATH 

TATH 

TATH 

TATH 

TATH 

TAUTH 


¥39 


T paHCtpopuamofM  mptxfaantu  mpexoffMomOHMit.  PHH  ±/tf%  •  xtumpajui  BH.  ±9  cmyneneu.  ■ 

e  flBB  ho  CH  ±2  X2,5% 


6.3 

110 

115 

22;  38.5 

6.6;  11 

10 

110 

115 

22;' 38.5 

6.6;  11 

16 

110 

115 

22;  27.5 

38.5 

6.6;  II 

25 

110 

115 

II 

6.6 

25 

HO 

115 

22;  27.5  ' 

38.5 

6.6;  II 

40 

110 

115 

II 

6.6 

40 

110 

115 

22;  27,5; 

38.5 

6.6;  II 

63 

110  ■ 

115 

38,5 

6.6;  11 

60 

110 

115 

38.5 

6.6;  II 

y«y^A-o-ii 
y«y^A-o—  ii 
y^y^A-o— ii 

y/A/A-u— ii 
y«/y«/A— o—  1 1 

y/A/A— m— n 
y»/y«/A— o—  1 1 

y«/y«/A— o— 1 1 
y«/y«/A-o— ii 


DOC 


300403  1  1 


FACE 


TMH 

THH 

TPZU1 


(|^}t pan£0opMMnopu  mptxtpasHttt  dtyxodMomomtut,  PflH  ±12*/*.  ±9  cmynetud  t 


TPHH 


4 

150 

no  Ty 

16 

150 

158 

32 

150 

158 

63 

150 

158 

£*)no  Ty 
3.3;  6.6;  tt 
6. 3/6. 3; 
6.3/10.5; 
10.5/10.5 
6, 3/6. 3; 
6.3/10.5; 
10,5/10.5 


HtumpoMi  BH 


y.u-ii 
y«  a— i! 
y«/j— a- 1  i-n 


vjr— a—  ii— ii 


T.UTH 

TUTH 

TZ1TH 

TUTH 


T paHctfiopMimopu  mpextpamue  mptxoSmnoHHue.  PflH  ±12'/*.  ±8  enymntu  t  ueumpaAu  BH 


16 

150 

158 

22;  38,5 

6.6; 

II 

25 

ISO 

158 

22;  27,5;  38,5 

6.6; 

II 

40 

150 

158 

22;  38.5 

6.6; 

II 

63 

150 

158 

,22;'38,5 

6.6; 

II 

1|  I.  -l — 0—  1 1 

y,  y,  a— o—i  i 

Vn/'i'a  .1—0—11 

V  H  i'  u  0—  I  I 


(l ’hAtmompQHCtpopuamoptd  mpix<fia»HU».  PflH  na  cmopoM  CH  ft  auhuu)  ±12*/*,  ±tf  cnyruntu 
AT/ITH  |  100  |  150  |  IS8  |  121  |  6.3;  10.5  I  y...,T0/.T— 0-1 1 

(l^T paHCtpopMomoptu  mpcxtpainue  dayxo6uo  notntue  c  pacmen.UHHOu  oBmotikoH,  PflH  ±12*/*,  ±8  cmyatHCu 

t  Hcumpa.iu  *“ 

230 


BH 


TP.HH 


32 


220 


6.3/6. 3; 
6.3/10,5; 


TPflUH 

TPJ3UH 


TPJ1UH 

TPDUH 

TPJlLtH 

TPI1UH 

TPXWH 


y.a— a— ii— ii 


32 

220 

230 

22;  38.5 

63 

220 

230 

6, 3/6. 3; 
6.3/10.5; 
10.5/10.5 

63 

220 

230 

22;  38,5 

100 

220 

230 

10.5/10.5 

100 

220 

230 

22;  38.5 

160 

220 

230 

10,5/10.5 

^160 

220 

230 

22;  38.5 

y./xi-ii 

y./fl-.a-11-ii 


y./.a-ii 

y./n-.a-11-ii 

y«./ji— ii— 1 1 — u 
y^ix-ii 


l^lAamompaHctpopMamopu  mpextpasHu*  mp*xo6mmanHtu,  P17H  na  cmopont  CH  ft  auhuu)  ±12*/*.  ±6  cmyntneH 
ATHTH 
ATilTH 


AT/UITH 

ATZWTH 

AT/UiTH 

ATZLUTH 


32 

220 

230 

121 

6.6;  11;  38,5 

63 

220 

230 

121 

6.3;  10.5;  22; 
27.5;  38.5 

125 

220 

230 

121 

6.3;  10.5;  22;  38.5 

160 

220 

230 

121 

6.3;  10.5;  22;  38.5 

200 

220 

230 

121 

10.5;  13.8;  22;  38,5 

250 

220 

230 

121 

10.5;  22;  38.5 

y...«o/n-o-n 

y...To/4-o-u 


T ptMctpopuamopu  mptxtpasHue  dtyxotimmCHHUt 
TPiWH 


y....ro/zi-0-ii 

y..«™/a — o—i  i 

y...to/a-0-n 
y  a.**ra/JX — 0—11 


C  pac mtnjitHHod  oCmomKoH,  PflH 


TPiUlH 


32 

330  . 

330 

6, 3/6.3; 
6.3/10.5; 

10. 5/10. 5 

c  32 

330 

380 

22:  38.5 

±12*/*,  t  HtUmpaxu  BH 

y«/n-.a-ii-ii 


y«/a-u 
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tpauh; 


TPilUH 

TPilUH 

TPilUH 

TPilUH 

TPilUH 


ATilUTH 

ATilUTH 

ATilUTH 

ATilUTH 

ATilUTH 

ATilUTH 

ATilUTH 


63 

330 

330 

6.3/6. 3 

' 

6.3/10,5; 

10.5/10.5 

63 

330 

330 

22;  38.5 

125 

330 

330 

10.5/10.5 

125 

330 

330 

22 

200 

330  - 

330 

10.5/10,5 

200 

330 

330 

22 

(i3)  Atmom paHctpo puamo pu  mpextpaiHbit ,  PFJH  h a  cmopoae  CH  (a  A uhuuJ  ±lfy 


63 

330 

330 

115 

10.5;. 22;  38,5 

125 

330 

330 

115 

6.3;  10.5;  22;  38.5 

200 

330 

330 

115 

10.5;  22;  38,5 

i50 

330 

330 

158 

10,5;  22;  38.5 

400 

330 

330 

158 

10.5;  22;  38.5 

250 

330 

330 

230 

10,5;  22;  38.5 

400 

330 

330 

230 

10.5;  22;  38,5 

(t-i)AamompOHC#opMamopbi  mpexfazHUc,  PflH  «  HC&inpoAU  ±I2Y» 


y«/fl— 0.— tt-ll 


yji i-i  i 
y«/ii— ii— ii— ii 
y«/ii-ii 

y^ii-ii-u-ii 

y«/n-ii 


1 1 

y ■ .  mm/A — 0 —  1 1 

y  *.  •  w/  a— o—  1 1 

yn,a»WA— 0— l  1 

y  ■.umo/a— o*—- 1  i 
o— 1 1 

y  M«am/ A— 0— -  1 1 


ATilUTH 

125 

500 

500 

121 

6.3;  10,5;  22;  38,5 

ATilUTH 

250 

500 

500 

115 

10.5^22;  33.5 

V.W4 — 

(**) Atmom pancipopMamopbi  AUHtuHUte  peigAupotCXHUt  mpextpaiHut,  PPlH  ± /<?*/..  ±6  cmyneneu 

ATM 

0.4 

10 

6;  10 

6;  10 

y...«. 

ATM 

0.63 

10 

6;  10 

6;  10 

y  a.  mm 

ilTM 

0.63 

35 

20;  35 

20;  35 

y...m 

(^lAamompaHCtfiopuamofw  AUHtunua  pezyAupoacHHut  mpexmazHue. 

PfJH  ±/0y«.;±8  cmyntHcu 

ATM  | 

1.6 

10 

6;  10 

I 

6;  10 

y 

ATM 

4 

10 

6;  10 

6;  10 

y«..m 

ATM 

6,3 

10 

6;  10 

* 

6;  10 

y».»»w 

J1TM-P*' 

1.6 

10 

6;  10 

6;  10 

y.-.rr. 

ilTM-P 

4 

10 

6;  10 

6;  10 

y  a.AVTtJ 

itTM-P 

6.3 

10  • 

6;  10 

6;  10 

y..^* 

I 
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(VAAtmompaticfopuamopu  auhmuhu*  pnyAupotaHHtu  mptxQaaHtti.  PfJH  ±15*/*. 
v  tucAO  cmyntmu  —  no  Ty 


J1TM 

16 

10 

6.3:  10.5 

6.3;  10.5 

J1TM 

25 

10 

6,3;  10.5 

6.3;  10.5 

/1TM 

25 

35 

36.75 

36.75 

m  M 

40 

10 

6.3:  10.5 

6.3;  10.5 

J1TM 

63 

35 

10.5;  36.75 

10.5;  36.75 

mo 

100 

35 

36.75 

36.75 

Va.kvn 

y«,.«. 

y«.»«* 

y  Mm 
y.., 
y«. 


(A.l)  Atmom pQHCtpo ptutmo pee  Auneumee  pezyAu  potentate  mpextpainue .  PtlH  ±I5‘/*.  tucAO  cmynetteu—no  TV 


mo 

mo 


63 

110 

(Mj/rio  Ty 

(tyrio  Ty 

125 

110 

( Tv/io  Ty 

( j£no  Ty 

y*.t 

y.,.> 


Kay:  (1).  Type  of  transfermar  u  cf  autotransfermer .  (2).  Nominal 

power,  NV  A .  (3),  Class  cf  vclcage,  kV.  (4).  Seminal  voltages  cf 

windings,  kV.  (5).  Diagram  and  greup  cf  connecticns  of  windings.  (6). 
Transformers  three-phase  double  wcund,  RFN  *-100/0,  *-6c/c 
steps/stages.  (7).  Transicxaers  three-phase  triple-wound,  RPN 
♦-12o/o,  +-6  steps/stages.  (6).  The  same  RPN  *-12o/c,  +-8 
staps/stagas.  (9).  Transformers  cf  three-phase  cnes  double  wcund,  RPN 
♦-12o/o,  *-8  steps/stages  witt  wcltage  short  circuit,  l4o/o.  (10). 
Then  with  voltage  short  circuit,  ICo/o.  (11).  Transformers 
three-phase  double  wcund  with  split  windings,  REN  *-12o/o,  ♦- 8o/o 
steps/stagas.  (12).  or.  (13).  Transformers  three-phase  double  wound, 
RPN  *-16c/o  in  neutral  ?N,  *-9  steps/stages.  (14).  Transformers 
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three-phase  triple-wound ,  BEN  *-160/0  in  neutral  VN,  +-9 
steps/stages,  with  PBV  tc  5N  *-ix*.5o/o.  (15).  Transformers 

three-phase  double  wound,  BIN  *-1^o/o,  *-8o/o  steps/stages  in  neutral 
vn.  (16).  on.  (17).  Transformers  three-phase  triple-wound,  rpn 
♦-12o/o,  *-8  steps/stages  in  neutral  VN.  (16).  Autotransf ormers 
three-phase,  RPN  on  side  3N  (in  line)  *-12o/c,  *-6  steps/stages. 

(19).  Transformers  three-phase  double-wound  with  split  winding,  BPN 
*-12o/o,  *-8  steps/stages  in  neutral  VN.  (20).  Autotransformsrs 
three-phase  tripls-wcurd ,  BEN  on  side  SN  (in  line)  *-12o/o,  *- 6 
steps/stages.  (21).  Transformers  three-phase  double  wound  with  split 
winding,  BPN  *-12o/o,  in  neutral  Vk.  (22).  Autotransf or mers 
three-phase,  RPN  on  side  SN  (in  line)  +-12o/c.  (23).  Autotransformers 
three-phase,  BPN  in  neutral  *-1<o/c.  (24).  Autotransf ermers  linear 

regulating  three-phase,  BEN  *-1Co/c,  *-6  steps/stages.  (25). 
Autotransf ermers  linear  regulating  three-phase,  BPN  *-l0o/o,  *- 8 
st aps/stages.  (26).  Autotransf or mers  linear  regulating  three-phase, 
BPN  *-15o/o,  number  of  steps/stages  -  on  TO.  ( 27)  Autotransf  ermers 
linear  regulating  three-pnase,  BEN  ♦- 15o/o,  number  of  steps/stages  - 
cn  TO. 


FOOTNOTE  *•  Autotransf cr»ers  linear  regulating  with  the  letter  "R" 


have  the  increased  reactance,  wticn  ensures  their  dynamic  stability 
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with  the  feed  from  the  Bet  of  the  unlimited  power.  ENDFCOTNOTE. 

Fage  242. 

On  the  existing  substations  with  the  fixed  transformers  must  be 
provided  for  the  installation  of  linear  regulating  autotransf crmers. 

Regulating  voltage  in  XsE  Bust  be  automated. 

Under  normal  conditions  m  1st  should  be  realized  counter 
regulating,  with  which  is  provided  the  ccmpe r saticn  for  the  less  of 
lire  vcltaga. 

For  distributive  electrical  networks  with  the  electrical 
receivers  which  are  characterized  by  the  virtually  uniform 
graphs/curves  of  changes  of  the  loads  with  tiaa,  it  is  possible  tc  be 
restricted  to  regulating  voltage  m  TsP.  If  such  regulating  dess  not 
provide  the  necessary  quality  cr  voltage  for  the  separate  groups  of 
users,  should  be  applied  the  means  of  the  local  regulating  of 
voltage . 

For  the  realization  cr  local  regulating  the  voltages  can  be 

used : 
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1)  automatically  ccntrclieu  capacitor  tanks; 

2)  synchronous  motors  witn  automatic  regulating  of  field 
current ; 

3)  the  linear  regulating  autctransf criers ; 

4)  distribution  trarsicraers  kith  RFN; 

5)  the  individual  adjusters  in  the  transformers  of  technological 
aggregat«s/units  (electric  furnace,  rectifying  device/equipment, 
etc.)  . 


Fundamental  technical  uata  cf  transformers  and  autctransfcrmers 
with  RPN  according  tc  a  design  cf  the  "standardization  of  the 
transformers  of  the  power  ones  cf  general  purpose  on  1967-1972"  are 
given  in  Tabla  11-1. 

11-2.  Regulating  voltage  in  TsP. 

on  the  busbars  TsF  must  te  realized  the  contrary  regulating  of 
voltage  at  which  the  vcltage  is  supported  the  higher,  the  greater  the 


lead  of  transformer. 
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Fig.  11-1  shows  tbs  ranca  c£  changes  in  the  voltage  on  the 
busbars  TsP  with  changes  in  tne  ioa8  of  transfcrner  fron  the  saxioun 
to  the  ainimua. 
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Fig.  11-1.  Diagram  of  voltages  ca  the  busbars  TsF  with  the  contrary 
regulating. 


Page  243. 

Here:  ao".—  voltage  error  on  the  rusbars  TsE  with  the  full  lead  cf 

transformer  (upper  bcunaary  of  dead  zone),  o/c;  dU'm  —  voltage  errer 
cn  the  busbars  TsP  with  taa  saaliest  lead  of  transformer  (lower 
boundary  of  tha  zone  of  insensitivity),  o/o;  air,—  voltage  error, 
which  corresponds  to  the  average  value  of  voltage  with  the  full  lead 
cf  transformer,  o/c;  W'T—  the  sane  with  the  smallest  load  cf 
transformer,  o/o;  dead  zone  of  the  regulating 

device/equipment,  o/o  (values,  are  related  tc  the  mcde/conditicns  cf 
peak  loads,  they  ara  noted  by  tic  primes,  tc  the  mode/conditicns  cf 
minimum  load  -  by  one  priae) . 

Dead  zone  is  called  the  range  of  changes  in  voltage,  with  which 
does  not  occur  functiorjcgs  or  ccctrol  ecuipnent. 
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The  size  of  dead  zcEd  is  accented  tc  0.5-07o/o  more  than  the 
step/stage  of  regulating. 

Fij.  11-2  depicts  cia^iam  IsP  the  lengths  cf  distribution 
network  6-20  kV#  to  whicn  are  connected  thQ  transformers  with  the 
transformation  ratio  6-iC/d. 2i-C. 65  kV,  It  is  assumed  that  the 
electrical  receivers  are  connected  only  to  the  nets  by  voltage  of  up 


to  1 ) 0  0  V 
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Fig.  11-2.  Diagram  of  vcltage  errors  on  the  ter minals/grippers  of  the 
closest  and  outermost  electrical  receivers  with  the  contrary  cf 
regulating  on  the  busbars  IsP. 

Key:  (1).  Center  of  feed.  12).  2cne  of  branching.  (3). 

Mode/ conditions  of  peak  leads.  (4)  .  Ncde/conditicns  of  minimum  loads. 


Page  244. 

The  parameters  cf  ret  acd  tae  range  of  regulating  on  the  busbars 
TsP  must  be  selected  in  such  a  way  that  for  all  electrical  receivers 
would  be  provided  satisfaction  cf  the  condition 

«{/,+, (I  l-l) 


where  6U  -  a  voltage  errer  cn  tea  terminals/gripper s  cf  electrical 


DOC 


30040311 


EASE 


0 


receiver,  o/o;  <n/l+l  and  ayt_,_  sre atest  respectively  positive  and 
negative  voltage  °rrcrs  cn  tbs  ter minals/gri ppars  of  electrical 
receivers,  permitted  acccrainj  to  UOST  13109-67,  o/c. 

In  the  severe  conditions  can  prove  to  he  into  depending  cn  the 
mode/conditions  of  the  *crx  or  net  either  nearest  to  the  trarsfcraer 
electrical  receivers  >tz . cr  outermost 

If  condition  (11-1)  nil  oe  satisfied  fcr  these  receivers  for 
all  mcdes/conditicns  of  tae  work  of  net,  then  it  will  be  also 
satisfied  for  the  remaining  connected  to  the  ret  receivers. 

Fig.  11-2  depicts  the  diagrams  of  voltage  errors  on  the 
termi nals/gri ppers  of  the  closest  and  outermost  receivers  for  the 
modes/condif ions  of  maximum  and  minimum  loads.  These  diagrams  are 
constructed  on  the  assumption  that  the  connected  to  the  net  lead  is 
uniform  and  graphs  of  chances  cf  tne  active  and  reactive  load  with 
time  are  identical  fcr  all  groups  cf  electrical  receivers.  Under  this 
condition  the  relation  cf  the  icsses  cf  vcltage  during  the 
modes/conditicns  of  sitiirum  and  peak  loads  will  be  in  all 
°lements/cslls  of  net  identical  and  equal  tc  relation  minimum  I*  and 
maximum  I"  the  currents  cx  transformer  in  TsE: 

(H-2) 

Distribution  transicrmsrs  have  five  branchings:  fundamental  and 
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four  supplementary  +-2x2.5c/c  wtcsa  switching  is  possible  only  with 

the  off  from  the  net  transformer  ("switching  without  the  excitation" 

-  PEV) .  To  each  branching  ccrrespcrds  the  specific  value  of  the 

addition  of  the  voltage  cr  transformer,  which  is  determined  from  the 

formula  ,, 

Utn  —  t/n 

W.  =  #  77  *—  •  100,  •/.,  (» l’3) 

T  u\u 

where  Ui,—  relative  value  cr  nominal  voltage,  secondary  winding  of 
the  transformer:  Uim  —  ■  relati ve  vaiue  of  the  nominal  voltage  cf 

primary  winding  taking  into  account  the  used  trancning. 

The  values  of  the  additions  cf  voltage  fcr  distribution 
transformers  are  given  it  Table  11-2. 

The  line  of  distribution  network  6-20  kv  can  be  broken  along  the 
length  tc  the  zones,  each  or  wnica  corresponds  to  the  specific 
branching  of  the  winding  cr_  transformer.  The  nearest  to  TsP  zone 
corresponds  to  branching  ♦5c/c,  for  which  addition  the  voltages 
smallest;  after  it  are  arranged/ locat ad  the  zone  cf  the  following 
branchings.  Changes  in  the  line  voltage  cf  up  tc  1000V  on  the 
boundary  of  two  adjacent  zones  (cuts  A2A3,  A  4  A  5  and  so  forth  cn  the 
diagrams  of  voltages  or  fig.  11-2)  are  equal  tc  a  difference  in  the 
additions  cf  the  voltages  of  the  branchings  cf  these  zones. 


For  uniform  loads  can  be  aetarmined  the  range  of  the  contrary 
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regulating  of  voltage  cn  toe  custars  TsP  from  6U\  to  it/*,,  the 
permissible  losses  of  lira  voltage  to  1000V  AU..  and  into  the  net 
6-20  kV  At/..,  and  also  a  cuaiter  cf  utilized  branchings  of  distribution 
transformers. 

Page  245. 

During  the  derivation  of  the  subsequent  formulas  it  is  accepted 
that  the  losses  cf  voltage  in  all  distribution  transformers  and  from 
each  transformer  to  the  nearest  electrical  receiver  are  equal. 

Fig.  11-3  shows  the  expressions,  which  are  determining  the 
losses  of  voltage  in  the  elameats/cells  cf  net  frcm  busbars  TsP  to 
the  terminals/grippers  cf  electrical  receivers,  under  the  mcst 
unfavorable  working  conditions,  lbe  magnitudes  cf  losses  of  voltage 
in  the  transformers  are  reduced  the  values  of  the  additicrs  cf 
voltage,  which  correspond  tc  tae  Branchings  cf  windings  accepted.  In 
the  numerators  of  fractions  ace  sncwn  the  expressions,  which  relate 
to  the  mode/conditions  cf  peax  loads,  in  the  denominator  -  tc  the 
mode/ccnd itions  of  minimum  loads. 
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Table  11-2.  Values  of  the  additions  of  the  voltage  of  transformers. 


■  il) 

Orarramcxat  np> 
wmno&  o6uornm 
TpaMCi^  opurropa. 

% 

(>)  Scmihim  mliiui  Hjnp.wfHM  Tpa.ic.(mpuarapa.  % 

f  mnpswcHfw  »toph'iho<I 

V-  ’  otiMOTXB  TpaHC>t>opMaTopa.  t 

Of) 

OcpyrAfiiHoa 

HU'IPHHP 

4nO.-)BKH.  % 

230 

400 

C30 

+5 

-0+3 

0.25 

—0.43 

0 

+2.5 

2.0 

2,70 

2. no 

2.5 

0 

4,55 

5.20 

4,55 

5 

-2.5 

7.23 

7.96 

7,23 

7,3 

—5 

10.05 

10.SO 

10. 05 

in 

Key:  (1).  3ranching  of  the  primary  winding  of  transformer,  o/c.  (2). 
Value  of  addition  of  voltage  cr  transfer  ter ,  c/c.  (3).  Nominal 
voltage  of  secondary  winding  of  transformer,  in.  (4).  Rounded  value 


of  addition,  o/o 


Fig.  11-3.  Losses  of  line  voltage  in  the  modes/conditions  of  maximum 
and  minimum  loads. 


.  it-' 


T  .  --r,  ;*■  -f.».  fr--*.' 
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1.  Greatest  voltage  errci  cn  fcusoars  TsP  during  mcde/conditicns  of 
peak  loads  is  limited  tc  ccnditacE  that  voltage  error  on 
terminals/grippers  of  closest  tc  IsP  electric  receiver  cn  exceeds 
that  permitted  fll/,*,  (Fig.  11-3): 

W“n*ZMJi+i+&U" ,i+AU",—iU,t+AU"ml.  %  (11-4) 

where  AU"„  -  loss  of  voltage  in  net  6-20  kv  from  TsP  to  nearest  TP, 
o/o ; 

AU",-  loss  of  voltage  it  transicrxer,  o/o; 

aU’.i  -  loss  of  voltage  from  seccnaary  side  of  distribution 
transformer  to  nearest  electrical  receiver,  c/o; 

&o„  -  addition  of  voltage  for  inarching  +5c/c. 

2.  From  diagram  of  voltages  cc  Fig.  11-2  it  is  evident  that 
lowest  voltage  in  mode/ccnditic ns  cf  peak  loads  will  be  on 
terminals/grippers  of  receiver  Ea,  which  obtains  feed  from 
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transformer  2,  connected  to  nscvorx  6-20  )c V  at  the  end  of  zone  of 
branching  *5o/o.  Voltage  cn  this  receiver  will  remain  within  the 
limits  of  the  permissible  warn  the  fulfillment  condition  (see  Pig. 
11-1  and  11-3) 

>i£/(-)+ Ay*.»+ + 

+at/%— at/ti+At/n.  v 

where  -  addition  ci  voltage  with  the  branching  of  the  winding  of 

transformer  *2.5,  o/c. 


Hence  is  determined  the  value  of  the  permissible  loss  of  line 
voltage  to  1000  V: 

AU„sZ6U0m—&U,.m-6U,-r-AUJ'„— 

-«(/„+  26U»-*Mr,.  %.  (11-5) 

3.  Minimum  deviation  ci  voltage  on  busbars  of  TsP  in 
mode/conditions  of  minimum  leads  as  limited  to  condition  that  voltage 
error  on  t®rminals/gripp ers  or  electrical  receiver  E2  does  net  leave 


permissible  limits  (see  fig.  11-2  and  11-3): 

+fl(r,+hU,.)-W»t.  V 


(11-6) 


In  the  latter/last  formula  in  the  brackets  is  shown  total  loss 
of  voltage  from  TsP  to  electrical  receiver  E2  during  the 
mode/conditions  of  peak  loads,  and  coefficient  K,  determined 
according  to  formula  (11-2),  considers  the  decrease  of  the  less  of 
voltage  indicated  durirg  the  mcde/conditicns  cf  minimum  loads. 


4.  Number  of  branenang  x  cf  latter/last  zone  is  determined  frem 


condition  that  voltage  error  cn  terminals/grippers  cf  electrical 
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receiver  Am  in  mode/cordiucns  or  minimum  leads  does  not  exceed  that 

permitted  8 l/(+v  (Fig.  11-2  ana  11-3): 

Wm  <8£/,*r-8t/,..+ K(A£/'„+4t/flI_ 

-6U,t+&U’,+AU’,t)-Wrt.  %.  (1 1-7) 

where  at/,,  -  addition  of  voltage  rcr  branching  x  of  winding  of 
transformer,  o/o. 


Page  247. 


From  this. 


’ ...  .  *Uut-  M/'--  «/..« +  *  (ay-.,-  ayT,+  ay"T  +  ay"„) 

'  il/ym  <  - f^TJf - •  */•. 

(11-8) 

On  ^able  11-2  is  selected  the  number  of  branching  for  which  the 
addition  it  does  not  exceeu  tne  value,  obtained  acccrding  tc  formula 
(1 1-8)  . 


After  substituting  toe  refined  value  of  addition  at/,,'  into 
formula  (11-7),  we  will  ettain  the  upper  limit  cf  the  standard 
deviations  of  voltage  cn  the  busbars  of  TsP  in  the  mode/conditions  of 
minimum  loads  ftl/V*.  The  lower  limit  of  this  divergence  M/y».  mas 
determined  above  acccrding  tc  fcraula  (11-6). 

Thus,  in  the  mode/ccaaitxons  of  minimum  loads  voltage  errors  on 
the  busbars  of  TsP  must  satisfy  the  condjticr 


(11-9) 
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5.  Value  of  per missiola  less  of  line  voltage  6-20  kV  is 
determined  by  end/lead  c£  zone  cranchings  x  cf  winding  of  transformer 
(Pig.  11-3): 

AU"<ALrtt+6Utx+6Urt—26Utl.  %.  (11-10) 

6.  Average  values  cf  voltages  in  modes/ccnditicns  of  maximum  and 
minimum  loads  can  be  determined  respectively  according  to  formulas 
(see  Fig.  11-1)  : 

iU‘’y~W’m-0,56Ut.m.  %;  (11-11) 

a</',«dd/'a+0,56i/J.B.  V  (11-12) 

Example  to  11-1.  To  determine  the  range  cf  regulating  voltage 
into  TsP  and  values  cf  the  permissible  losses  cf  voltage  in  urban 
distribution  networks  36C/^20  V  ana  6-20  kV  under  the  following 
conditions: 

1.  The  load  of  netwerk/grid  is  uniform  and  the  graphs/curves  cf 
its  changes  with  time  fer  all  connected  to  the  netverk/grid  6-20  kV 
transformers  are  virtually  identical. 

2.  Ratio  of  minimum  summed  current  cf  transformer  in  TsP  to 
maximum  K-0.2. 

3.  Dead  zone  of  de vice/eguip ment  RPfi  in  TsE  2,2%. 

4.  Standard  deviations  on  ter minals/gri FF9rs  of  receivers 

W|+>"+5%  ••  — 5%. 
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5.  Losses  of  voltage  in  transformer  for  mode/ccnditicns  cf  peak 
loads  Afr,-3,5%. 

6.  Loss  of  voltage  frcm  cusoars  of  IsP  tc  nearest  TP  atr„-o. 

7.  Loss  of  voltage  frcm  nusaars  of  distributing  frame  in  TP  to 
closest  electrical  receivar 


Solution.  Consecuti vaiy/serially  they  are  determined  frcm 


formulas 


(11-4),  (11-5),  (11-6)  and  (11-8): 

Mr.-5+0+3,5-0.25+0, 5-8.75%; 


6Wm 


Af/..- 8.75-24—  (-5)  —0—2,7 -(-2  •  045-34-5.85%; 
,-81/V.— •5+04(0+2.7-045+3.5+5.85)-0.25— 2,89%; 

5 -(-2.89) -2,2  +  0.2  (0  -  0.25  +  3.5  +  0.5) _ 

- TTO - 8,C6/- 
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On  ^able  11-2  we  select  the  branching  cf  the  winding  of 
transformer  -2.5o/o,  fcr  whica  tha  addition  cf  vcltage  satisfies  the 
condition 

745<8,05%. 

The  upper  limit  of  the  standard  deviations  cf  voltage  or  the 
tusfcars  of  TsP  is  determined  iicb  i criula  (11-7): 

bU'm  ,  =  5-2,2 + 04  (0+  7,96—0,25+  3,5+0,5)— 7,96—  2,82%; 

He  accept  in  the  ccnrcraizy  with  formula  (11-9)  atr.— .2,85%. 
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According  to  formulas  111-10),  (11-11)  and. (11-12)  we  determine 

at/,.-0+7.96+  2,7—  2-0.25-10.16%; 

8tr, -8.75-0,5-2^-7.65%; 
atr,—  2,85+0.5.  1.75%. 

Example  11-2.  Tc  find  tka  solution  for  the  data  of  example  by 
11-1,  but  when  distribution  netwcrx  of  city  obtains  feed  through  the 
busbars  RP  and  closest  tc  isE  transformer  substation  is  connected  at 
the  point  of  network/grad,  the  less  of  voltage  of  up  to  which  from 
the  busbars  of  TsP  comprises; 

atr.i-3,5%. 

Solution ; 

At/",.  =5+3.5+3,5-0.25+0,5-12^5%; 
at/,.-  12.2S-2.2-  <-5)-3.5-2.7+2  •  0.25-3,5-  5,85%; 
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In  this  case  for  obtaining  tna  satisfactory  mode /conditions  of 
voltage  is  necessary  the  use  cr  means  of  the  local  regulating  of 
voltage. 

In  electrical  netwcrics  where  occurs  the  considerable  consumption 
of  reactive  power,  for  regulaticg  the  voltage  first  of  all  must  be 
used  capacitor  banks  of  transverse  compensation  (KB)  and  synchronous 
engines  (SD) ,  since  in  this  case  simultaneously  is  reached  a 
considerable  decrease  in  the  losses  of  electrical  energy  in  the 
retwork/gtid. 

Page  2 4  9. 

Use  for  the  lccal  regulating  or  voltage  in  such  natwcrks/grids  of 
distribution  transformers  with  BP N  or  the  linear  regulating 
autotransf ortners  proves  to  ne  uneconomical . 

Fig.  11-4  depicts  the  simplified  circuit  of  distribution  network 
to  1000  v,  in  which  for  local  regulation  of  voltage  are  utilized 
source  of  reactive  power  (KB  cr  SD) *  connected  at  point  c.  In  this 
figure:  A  -  nearest  to  transformer  receiver  cf  the  electrical  energy: 
E  -  the  outermost  receiver. 

On  the  diagram  cf  voltages  (below  in  Fig.  11-4)  point 
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corresponds  to  smallest  load  vcltage  of  the  nearest  receiver,  and 
point  A 2  -  to  the  greatest  vcltage.  The  corresponding  voltage  error 
cn  the  terminals/grippers  or  receiver  A  without  the  account  the 
additions  of  the  voltage  of  transformer  are  designated  ty  6UAamm  and 

Wiain- 

The 
voltage, 

ahem  y, 

£  -  relative  value  cf  line  voltage  at  the  pcint  of  the 
connection  of  the  source  cf  tns  reactive  power; 

Xa-  the  reactance  of  external  network/grid  with  respect  to  the 
attachment  point  of  nearest  receiver,  ohs; 

w*  -  range  of  regulating  the  vcltage: 

6U  A~6U  AUM,t—6U  Aata.  (Il-U) 


reactive  source  power,  sufficient  fee  regulating  the 


is  determined  from  tna  foraula 
»0 uiuwA 

- - tA - w  ( 

-  nominal  vcltage  is  net,  kV : 
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Fig.  11-4.  Diagram  fcr  tha  selection  of  the  range  of  the  local 
regulating  of  voltage. 
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Tctal  reactive  source  £0*sr  appends  on  the  selected  branching  cf 
transformer.  Largest  ard  smallest  cf  its  value  are  determined 
respectively  according  tc  the  formulas: 

SUU  <>) 

Qm»*=*  iOr^Q*'  Ktafr‘  (11-15) 

W'A  0) . 

Qmwn  *“  jjj  Qi>  Map.  (11*16) 


Ke  y :  ( 1)  ,  Kil  cvar 
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From  the  diagram  cn  fiS  11-4  it  follows: 

lb:  (11-17) 

4(/ia“41/<+> — blf/i  ■■  .-aU„.  %.  (U-18) 

where  at/,i  -  addition  of  tae  voltage  of  transformer  with  branching 
♦5c/o,  o/o; 


Sl/tr  -  addition  of  the  vcxtage  cf  transformer,  determined  on  fable 
11-2  in  depending  cn  the  condition 


£7.«»<5£/,+)-it/A  %.  (11-19) 

With  the  realization  of  the  local  regulating  of  voltage  the 
value  of  the  permissible  less  of  line  voltage  is  determined  from  the 
condition 


A£/«.<aui+r-a^.+atf(C_xr-ac/<_,.  %.  (H-20) 

where  a uie-Ai  is  calculated  in  aepending  cc  the  branching  of 
transformer  accepted  frc»  one  cf  the  formulas 


ffc_, 

jw»  */.; 

(U-21) 

WfC-rfl-l 

f*C  , 
V 

V,4.  V.. 

(11-22) 

In  these  formulas  xe  ~  tae  reactance  of  external  network/grid  in 
the  ohms  with  respect  to  tae  attachment  point  cf  the  source  cf 
reactive  power,  utilized  for  the  regulating  voltage. 


If  for  regulating  the  vclxage  is  utilized  KB,  then  its  nominal 
power  is  determined  frcn  to  tne  formula 
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Key:  ( 1)  .  kilcvar . 

where  Q  -  the  calculated  reactive  power  KE,  obtained  on  one  of 
formulas  (11-15)  or  (11- 1b)  fcy  the  kilovar; 

V  -  relative  value  cf  line  voltage  at  the  point  of  the 
connection  of  KB. 

KB  is  recommended  tc  divide  in  the  section  of  the  equal  power 
whose  number  in  depending  on  ccncrete/specif ic/actual  conditions  can 
be  accepted  as  different. 
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During  the  use  of  KB  for  regulating  the  voltage  in  the  lighting 
systems  it  is  necessary  to  cbec<,  do  satisfy  the  value  of  degree  cf 
regulating  and  the  frequency  cr  the  inclusions  cf  sections  of  KB 
requirements  of  GOST  131C9-67  icr  the  guality  of  voltage  (fable 
5-11)  . 


When  selecting  of  reactive  source  pcwer,  utilized  as  the  means 
of  regulating  voltage,  it  is  necessary  tc  keep  in  mind  that  generated 
this  source  the  reactive  pewer  aust  net  considerably  exceed  the 
consumed  in  the  netwerk/gnu  reactive  power.  Cse  for  regulating  the 
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voltage  of  KB  or  SD  in  electrical  networks  in  which  the  power  factor 
is  close  to  the  unit,  car  prove  to  be  economically  unsuitable. 

For  the  tentative  calculations  when  selecting  cf  power  cf  KB 
Table  11-3  gives  tc  the  step/stage  of  regulating  upon  the 
inclusion/connection  of  section  cf  KB  with  a  power  cf  100  kilcvar 
when  the  reactance  of  external  netwerk/grid  is  equal  to  the 
resistor/resistance  cf  the  indicated  in  the  table  element/cell. 

Example  11-3.  Electric  motcrs  and  lighting  fixtures  of  the  shcp 
of  industrial  enterprise  are  connected  to  gener al/comaon/total 
distribution  network  by  3dU/ii0  V  and  obtain  feed  frcm  transformer 
with  a  power  of  1000  kVA,  10/0.4/0.23  kV.  The  greatest  consumed 
reactive  power  of  shop  is  equal  to  920  kilcvars.  The  standard 
deviations  of  load  voltage  of  ligating  fixtures  are  egual  to 

and 

*d4/(_,— Z5%  (according  to  GCST  131CS-fc7). 

On  the  terainals/grippers  cf  the  nearest  to  the  transformer 
lighting  fixture  the  vcltaye  errors  (without  the  account  the 
additions  of  the  voltage  cf  tra rstcrmer)  can  vary  in  the  range 

.*■««»—  7%  to  Mfx t £%. 


1 


from 
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^able  11-3.  Steps/stages  or  regulating  vcltage  upon  the 
inclusion/connection  of  KB. 


(•) 

HaHuenosaHiie  Menem 
BHetuneA  err* 


755 

CryneHfc  peryjtitpo»iHH« 
HBnpuxeHN*  a**  KB 
MomHOCTbio  TOO  gaap ,  % 


MOUKHOCTb  CCKUKN  Kg. 
npN  KOTO  port  CTyfieHfc 
peryjiMpoBauHH  paw* 
1%.  g*xp 


TpaaciJ»p«aTop  5—10/0,4  M  mowhoctmo,  icsa 


too 

5.5 

18 

160 

3.5 

29 

250 

2.3 

43 

400 

1.45 

70 

630 

0.9 

110 

1  000 

0.59 

170 

(^Boaflyuraas  jihhhs  j,ihrc9  t  km  hs  HOHHBa/ibHOe  HanpsxeHHe, 

0.38 

21 

4.8 

6 

1.05 

95 

•  10 

0.038 

2  600 

20 

0.01 

10000 

{Q  To  me  KafcibHa*  jmmui,  ks 

0,38 

4,15 

24 

S 

0.022 

4  500 

10 

0.008 

12500 

20 

0,00275 

36  300 

Key:  (1).  Designation  ci  the  ele meut/cell  of  external  network/grid. 
(2).  Step/stage  of  regulation  of  voltage  for  KE  in  power  100  kilcvar, 
o/o.  (3) .  Power  of  section  KB,  at  which  step/stage  cf  regulating  is 
egual  to  lo/o,  kilovar.  (4).  Iransformer  6-1C/04  kV  by  power,  kVA. 

(5) .  Aerial  line  with  a  length  cf  1  km  nominal  voltage,  kV.  (6) .  Then 
cable  line,  kV. 
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To  determine  power  cf  KE,  utilized  for  the  regulating  cf  voltage 
in  the  n®tvork/grid  cf  shop,  aou  tne  value  cf  the  permissible  loss  of 


..to  **2^31 
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voltage  in  this  netwcr k/grid  under  the  following  conditions: 

the  reactance  of  extarnai  natwork/grid  is  egual  respectively: 

to  nearest  lighting  fixture  xA -o.oi 

to  the  point  cf  the  ccnnecticn  of  KE  xc-o,ou 

Relative  value  cf  lin«s  voltage  at  the  feint  cf  the  connection  cf 

KB  U=1. 

* 


The  amount  of  pewer  of  KE  must  be  aFprcximately/exeaplar ily 
equal  to  the  maximum  value  cf  the  consumed  reactive  power. 


Solution,  ie  determine  tne  necessary  range  cf  regulating  voltage 
according  to  formula  (11-14): 


m/a  —  1.5— (— 7)-5^%. 

Corresponding  to  this  power  range  of  KE  we  find  through  formula 


(11-13)  : 

Key:  ( 1)  .  kilovar. 


mo.38»- 1-5,5 

Tor 


792 


M 

Ksap. 


For  determining  the  smallest  total  power  of  KB  from^able  11-2 
we  select  branching  cf  the  windings  of  sbep  transformer  in  depending 
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on  the  value  of  the  addition  or  voxtaga,  determined  from  condition 
(1 1-19)  : 

He  accept  the  fundamental  branching  of  the  transformer  for  which 
6U„-S.26%. 


Power  of  KB  we  determine  froa  formulas  (11:18)  and  (11:16): 

Wt  A  -  3-  (-7J-5J26-  6,74%; 

6,74  _ (0 

<?„»•  —  575-  •  792  =»  070  Map. 

Key:  (1)  .  kilcvar. 

He  accept  the  power  or  cue  section  cf  KE  of  the  equal  tc  160 
kilcvars  and  the  total  lumber  cf  sections  equal  to  6.  In  this  case 
the  oower  of  KB  will  be  egual  tc; 

Q-g.-s.  160-960  xilcvar. 

Of  six  sections  of  KB  one  aust  remain  ccnnectad  round-the-clock, 
and  the  others  must  be  used  for  regulating  the  vcltage. 

The  power  of  KB  accepted  satisfies  that  set  the  example  to  the 
condition  for  the  couplets  compensation  for  the  consumed  in  the  shop 
reactive  power. 

Upon  the  inclusion  cf  one  section  of  KE  at  point  c  and  at  all 
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more  distant  points  cf 
oscillations/ vibration 


networ k/gna  the 
s  cf  vcltage  will 

...  0.014  6  74 

at/>==  OT-r- 


value  of  the 
be  egual  to: 
1.57%. 


On  |able  5-11  we  determine  mat  the  frequency  of  inclusions  and 
cutoffs/disconnections  cf  sections  of  KB  intc  the  hcur  according  tc 
effect  condition  of  the  cscullatacrs/vibraticrs  of  voltage  on  the 
work  of  lighting  fixtures  aust  net  exceed  1C. 
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The  dead  zone  of  controlling  device  can  be  accepted  equal  to: 

Mi  *»  1,57+0,6^2^%. 

The  value  of  the  peraissicle  loss  of  line  voltage  of  shop  we 
determine  from  formulas  (11-22)  and  (11-20) 

/0.0I4  \ 

W.C-/.>-((Tor-'J  0.74  =  2.7%. 
ay^-5-i2+2,7-(-2.5)-a%. 

11-4.  Selection  of  the  sources  ox  reactive  power  according  tc  the 
condition  of  eff icie nc y/cost-ef rectiveness. 

The  selection  of  the  sources  cf  reactive  power  and  points/items 
of  their  connections  by  the  design  must  be  conducted  cn  the  tinimua 
cf  total  expenditures  taking  arte  account  the  ccst/value  of 
generation  ar.d  transmission  of  reactive  power  to  the  place  cf  use. 


L 
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Fig.  11-5  depicts  this  cass  wadi  into  pcint/item  A  of 
network/grid  reactive  pcwar  can  ce  transaitted  from  the  n  sources. 
Compensation  consumed  ir  point  A  or  reactive  power  Qa  can  be  also 
realized  by  means  of  connection  an  this  point/itea  of  capacitor  bank 
C. 
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Fig.  11-5.  Diagram  of  tne  talance  cf  reactive  power  for  the  ncde  of 
network . 
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In  this  case  the  tctal  quantity  of  expenditures  for  generation 
and  transmission  of  reactive  pcwer  can  be  determined  according  to  the 
formula 

n 

3  -  (3*  +  3,tQ*  +  pyft.  (1 1-24) 

UarO 

where  Q •  -  the  reactive  power,  generated  by  source  k,  Mvar; 


•*«.  3,«  and  3«  -  values,  deterained  for  the  group  of  generators  or 

synchronous  motors  according  tc  the  formulas: 


tO. 

“  ~P%K„  py6; 


3|t  > 


Ttt.m  (P,  +  2D,*)  T 

Q. 


4-  ftiC.r,  pyfi/Mup ; 


tj  btmD,x  & 

•  J,,  « - — - +v:,t.  py*/M»ap' 


(11-25) 


Key:  (1)  .  rub.  (2)  .  rufc/fivar 
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and  for  capacitor  banks  cf  transverse  compensation  according  to  the 
formulas: 

3„  =  (o\  ) 

3 =  T*  +  *>,m  +  ».C,r,  pyVMtap;  1  (1 1-26) 

3,t  =  6>C,t,  pt/6/M»ap>.\^)  j 

Key:  (1).  rub.  (2).  rut/Cvar. 

In  formulas  (11-25)  and  (11-26): 

K0  -  capital  investments  in  the  equipment  of  the  scurce  cf  the 
reactive  power,  which  dc  not  depend  on  the  amount  of  the  generatable 
and  transmitted  by  the  netweric/grid  power,  rut;  for  example,  for 
condenser/capacitcr  bank  (Kd)  ox  6-10  kV  these  insertions  are 
composed  of  the  cost/value  cf  chamter/camera  E0  to  the  commutating 
apparatus  and  cable  fcr  the  ccnrecticns  cf  KE  tc  the  busbars,  the 
cost/value  of  the  building  of  substation  (if  installation  of  KB 
requires  expansion  of  substation)  and  of  the  like; 

-  specific  capital  investments,  in  reference  to  1  Hvar  of  the 
generated  by  source  reactive  power,  rub/Hvar; 

p0  and  p,  -  total  annual  deauctions  respectively  from  capital 
investment  K0  and  Ku  the  switching  on  coefficient  ef fectivenesses. 
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deduction  to  the  renovation,  the  major  overhaul  and  the 
maintenance/servicing; 

T  -  annual  total  hours  cr  utilization  the  generated  by  source 
reactiv?  power; 

r  -  annual  number  ct  hours  ci  the  maximun  losses; 

-  total  rated  power  of  tne  group  of  synchronous  machines,  Nvar 

a  -  number  of  the  synchronous  machines; 

f  -  loss  tangent  of  capacitcrs/condenser s,  HS/Mvar; 

Ci  and  D 2  -  coefficients,  which  depend  on  technical 
specifications  of  machines,  Bn. 

Fundamental  technical  specnications  of  the  most  widely  used 
synchronous  motors  are  given  in  lable  11-4,  ard  the  corresponding  t 
them  coefficients  Dt  and  D2  -  in  Table  11-5. 

Coefficient  H>  characterizes  the  relative  charging  of  the 
reactive  power  of  the  syrchrcncus  machines 


I 


(H-27) 
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where  Q»  -  total  nominal  reactive/jet  power  cf  machines,  avar; 

O'  -  generated  by  macnines  reactive  power  without  the  account  to 
the  power,  transmitted  tc  pciat  A  cf  network/grid,  «var. 
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The  components/ter  as/addends  tiCtT  and  b2C +r  in  formulas  (11-25) 
and  (11-26)  determine  tte  ccsc/value  of  the  lcsses  cf  electrical 
energy  in  the  network/grid  during  the  transmission  cf  reactive  power 
frcm  the  source  to  the  placa  ct  consumption.  The  specific 
costs/values  of  losses  bt  and  c2  are  determined  from  formula  (10-13) 
for  an  annual  number  of  hcurs  with  respect  tc  T  and  r. 

Coefficient  v»  considers  an  increase  in  the  generated  by  source 
reactive  power  due  tc  the  lcsses  in  the  retwcrk/grid  during  its 
transmission  to  the  place  of  tne  ccnsumpticm 

Yni*  !  +  £»+£,<?«.  (U-28) 

Coefficients  C!  and  C2  in  formulas  (11-25)  and  (11.26)  and 
coefficients  and  E2  in  formula  (11-23)  depend  on  the  parameters  of 
the  network/grid  between  the  source  of  reactive  power  and  the 
point/item  of  its  consumption. 


DOC  =  30040312 


PAGe  Uf-7^ 


11-4. 


Fundamental  technical  specif icaticns  cf  synchroncus 


ictcrs  6-10  kv. 
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an 
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Tm  (U  t*nm 
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J  Ho**mjnn»*  McmnocT* 

Is 

Ai 

£  . 

.a  x 
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f- 

Ik 

S3 

>» 

II 

3 

* 

m 

^  c 

m 

m 

X 

* 

« 

*  *- 
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6 

1  170 

1  000 

510 

1000 

6 

I860 

I  600 

811 

l  000 

6 

4  600 

4  000 

2  C0-5 

1  000 

6 

7  220 

6  300 

3  147 

1  000 

6 

11  420 

100CO 

4  978 

750 

6 

7  253 

6  300 

3  160 

500 

6 

11  700 

10000 

4  991 

500 

6 

4  650 

4000 

2  027 

250 

6 

415 

320 

181 

150 

6 

615 

500 

263 

150 

6 

985 

800 

429 

100 

S 

1920 

l  GOO 

837 

100 

6 

1  520 

1  300 

663 

600 

6 

955 

800 

416 

300 

6 

495 

400 

216 

167 

6 

1750 

t  500 

763 

3  000 

s' 

4050 

3  500 

1  765 

3  000 

6 

13*00 

12  000 

5972 

3  000 

6 

22  40 0 

(9  500 

— 

375 

10 

It  700 

9  000 

7  500 

500 

10 

6500 

5000 

3  900 

750 

to 

3000 

2  580 

1307 

1  OOC 

10 

1460 

[  250 

636 

600 

10 

1880 

1  600 

820 

600 

10 

1600 

1  230 

960 

i  oa 

10 

4900 

4  200 

2  136 

375 

10 

20000 

18  50C 

— 

375 

WL 


COH  14-49-6 
CHH  15-39-6 
CflH  16-69-6 
COH  16-104-6 
COH  17-1 19-6 
CJ1H  18-71-12 
COH  18-111-12 
CHH  19-54-24 
COH  18-14-40 
Cm  18-24-40 
OlH  19-31-60 
COM  20-31-60 
BflC  213/24-10 
CflC  16-41-20 
CUK  18-16-36 
CTM  1500-2 
CTM  3500-2 
CTM  12000-2 
CHC3  19-125-16 
MC  325-20/12 
MC  213-15/8 
HC3  1811-6 
CUH3  15-49-10 
CilH  16-71-10 
CHC3  17-10-6 
CHC3  290-12-16 
CJ1C3  19-125-16 


53 

74 
MO 
198 
278 
225 
30* 
185 

53.5 

53.5 

86.5 
128 
68 

59.5 

45.5 

75 
145 
330 

1530 

200 

120 

64 

92 

50 

210 


95.2 
05.7 

98.7 
97,1 

97.3 

96.7 

97.4 
95.6 

85.5 

90.8 

90.4 

92.4 
95.0 

93.6 
90.0 

95.4 

96.2 

97.5 

96.7 

85.5 
96.4 

95.6 

95. 3 

94.7 
96.2 

95.4 

97.4 


Key:  (1).  Type  of  engine.  (<!)  .  Nominal  voltage,  kV.  (3).  Rated  power 
(4).  complete,  kVA.  (5).  active,  k*.  (5)  .  reactive/ jet,  kilevar.  (7) 
Speed  of  rotation,  r/aic.  id).  Bated  losses  ty  active  power,  kw.  (5) 
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256.Tabla 


coefficients  in 


11-5.  Ine  available  reactive  power  and  the  value  cf 
formula  (11-25)  for  the  synchronous  motors  6-10  kV  in 


depending  on  load  voltage  and  tee  load  factor. 


(0 

Tim  4«MraTCH» 

W  (5j 

Pacrrojafaewaa  pcanTMiM**  mouikoctv  jm- 
raTeaa  npw  ><anp**eiiHN  Ha  jaacHwax.  % 

KOS^Hdlf- 

CMTOft  ft 

$opMy,ie 

(11-25). 

f«n 

95 

100 

106 

(f/  KoaJjrfrHmieHT  3arpy3KH  oaHrarexa 

O. 

o. 

0.6 

jo.*)  1 

0.5 

!  o.*  1  i 

I  o.s 

|o.*|  1 

C-1H  1 

1.53 

1.43 

1 

1.36 

1.20 

I 

1.15 

.1.1*6 

1 

6.3 

3.84 

CAM  I5-1M 

1.47 

1.35 

1 

1.35 

1.26 

1 

1.21 

1. 12 

1 

8.42 

5.28 

CiUI  i  Ci-i'.O-S 

1.41 

1.25 

1 

1.32 

1.23 

1 

1.16 

1.12 

15.7 

11.0 

C-'LH  in-lui -rt 

1.45 

I..3! 

1 

M2 

1.25 

1 

1.12 

1.09 

1 

16.8 

I2J5 

cut  i r-i i<j-s 

t .  47 

1.35 

1 

M3 

1.26 

l 

1.10 

1.07 

?8.3 

19.7 

chi 

1.45 

1.33 

1 

1.31 

1.25 

1 

1.09 

1.07 

1 

27.1 

16.5 

CvH  ig-ill-12 

1.55 

1.45 

1.37 

1.30 

1 

1.14 

1.06 

.10,5 

2DJ 

C-tH  lo-r.l-21 

1.41 

1.2* 

1 

1.27 

1.23 

1.07 

1.07 

1 

21.4 

23.4 

GOH  1*11-10 

1.44 

1.37 

1 

1.30 

1.24 

1 

M2 

1.08 

1 

7. 13 

4.71 

cm  ia 

i.m 

1.40 

1 

1.32 

1.26 

1 

M3 

1.08 

1 

8.7 

6.4 

CAH  fi.1l  .AD 

1.47 

1.30 

1 

1.31 

1.25 

1 

1.06 

1.05 

1 

14.2 

11.8 

CIH  201 !  -GO 

1.57 

1.51 

1 

1.35 

1.30 

1.09 

1,06 

1 

22.3 

12.9 

■AC  213/21-10 

1.47 

1.28 

1 

1.42 

1.29 

1 

1.33 

1.22 

1 

7.62 

6.93 

C1C  IS-41-20 

I. S3 

MS 

1 

1.33 

1.2* 

1 

1.10 

1.06 

1 

7.2 

5.95 

C1K  I*-I5-T* 

1.52 

1.46 

1 

1.11 

1.2* 

1 

1.12 

l.i»7 

1 

5.78 

5.0 

CTM  1300-2 

1.57 

1.3* 

1 

1.50 

1.32 

1 

1.41 

1.24 

1 

5.85 

7.26 

CTM  1300-2 

1.56 

1.15 

1 

1.51 

1.32 

1 

1.43 

1.26 

1 

3.88 

12.6 

CTM  I2UOO-2 

1.57 

1.34 

1 

1.54 

1.33 

1.18 

1,28 

i 

29.6 

43.2 

CAC3  19-123-1* 

1.50 

1.40 

1 

1.35 

1.27 

1 

1.17 

1.10 

i 

57.3 

29.3 

MC  325.20/ 1 2 

i  an 

1.50 

1 

1.47 

1.43 

I 

1.07 

1.01 

i 

78.7 

37.0 

MC  211-13/* 

1.26 

1.21 

1 

1.16 

1.14 

1 .01 

1.01 

i 

23.6 

23.6 

AC3  IgU-b 

1.57 

1.42 

1.46 

1.32 

1 

1.29 

r.  17 

12.0 

4.92 

CUI3  1J-49-I0 

1.48 

1.37 

1.35 

1.26 

1 

1.20 

Ml 

6,98 

4.42 

COH  rrt-7i  - ro 

» .70 

1.59 

1.43 

1.33 

1.11 

1.06 

8.55 

6.63 

cncj  ir.io* 

1.35 

1.27 

1 

1.27 

1.19 

I 

M5 

1,09 

5.9 

8.3 

CJC3  290.IMS 

1.65 

1.57 

1 

1.40 

1.35 

1 

in 

1.06 

i 

16.9 

14.7 

CAC3  !9-12S-l(i 

1.99 

1.75 

1 

1 .52 

1.42 

1 

1.17 

1.10 

35.5 

19.7 

Key:  (1).  Type  of  engine,  (i). 


Available  reactive  power  of 


engine 


with  load  voltage.  (3) 


Values 


ci  coefficients 


in  formula 


(11-25)  , 


KV*.  (4) 


Load  factor 


cf  engine. 
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Upon  the  connection  of  electrical  devices  cf  lew  and  average/mean 
power  to  the  networks/grids  cf  pewerf ul/thick  power  systems  the 
values  of  these  coefficients  car  ce  determined  from  the  appro ximaticn 
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formulas: 


*1—1 

2^  Qi.  i+i^i.  i+i 


C, 


a— t 


1=0 


(H-29) 


If  —I 


2^  Qi.  i+iAfi.  i+i 


£. 


S'- 


4i 


"I 


(11-30) 


where  U.  -  nominal  voltace  cf  netwcrk/grid,  JcV; 


Qm+«  _  reactive/jet  power  in  the  section  /—  (/+i»  without  the  account 
to  reactive  power,  required  in  rede  &  (Fig.  11-6),  Hvar; 

ffi.i+n*<i  Xi.ii‘  -  respectively  active  and  reactance  of  section  *—(*+!). 
led  to  voltage  (/«.  ohm. 


If  source  is  connected  directly  to  the  place  of  the  consumption 
of  reactive  power  (fer  exaaple,  ccrdenser/ca pacitor  bank  C  in  Fig. 
11-5) ,  then  expenditures  for  its  transaissicn  are  equal  to  zero  and 
coefficient  v*  should  be  taken  as  equal  to  1,  Fcr  this  case  cf  th6 
amount  of  the  reactive  fewer,  transmitted  frea  each  source  tc  the 
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point/iten  of  the  consua pticns,  tujich  correspond  to  the  ainiaua  of 
expenditures,  they  are  detetained  irca  the  fcraulas: 
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^  1‘tptHncmtna  a. 


<U 

Fig.  11-6.  Replacement  scueme  of  cadial  network/grid. 

Key:  (1).  power  systea. 

Page  258. 


If  according  to  the  technical  or  eccnoaic  specifications  of  KB 
it  cannot  be  established/installed  in  the  pcirt/itea  of  the 
consuaption  (battery  C  in  Fig.  11-5  is  absent),  then  the  optiaua 
aacunts  of  reactive  source  power  are  deterained  froa  the  formulas 


(11-32) 


X—3„  I 

23,,  »  *■  1.2....**  J 

To  the  amount  of  gcneratable  and  transmitted  to  the  point/itea 
cf  consumption  reactive  power  are  superimposed  the  limitations 
according  to  the  conditions  cr  tne  theraal  ccnditions  of 
stator-rotors  unit  of  macnines  <?.«•■«  and  the  stability  condition  of 
their  work  <?*.«■»: 


Q». at ■«  >  Qm  >  Q„. ■  ■■ 


(»•») 
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also,  for  capacitor  .banns  with  respect  tc  the  ccndition 

(H44) 

Furthermore,  must  be  cheered  fulfilling  technical  requirements 
for  the  values  of  voltage  at  all  points  and  the  currents  in  all 
elements/cells  of  netvcr  Jt/grid. 

The  greatest  permissible  amount  of  generated  by  engine  reactive 
power  Q,u,m*  can  be  determined  in  dependirg  cn  the  lead  factor  of 
engine  and  value  cf  voltage  cn  its  terminals/griFpars  in^able  i1-5. 

Technical  specif icatiens  ct  capacit crs/ccndensers  are  given  to 
Table  11-6,  cost/value  cf  ganged  ccndenser/capacitor  devices  cf  the 
Ust '-Kamenogorsk  condenser/capacitcr  plant  -  in^able.  10-14  and 
values  of  dielectric  less  facroi  -  }>j  lahlG  U'7. 

If  on  the  terminals/grippers  cf  KB  voltage  differs  from  nominal, 
then  the  measure  of  its  specific  ccst,  determined  on  ^able  10-14, 
must  be  refined  according  to  rne  formula 

rut/Hvar,  (11-35), 

whore  Km  -  specific  ccst/value  cf  KB  with  the  nominal  voltage. 
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rub/Nvar : 

U  -  relative  value  cr  line  vcltaga  at  the  pcint  c£  the 
connection  of  KB. 

with  performing  of  calculations  the  values  cf  coefficients 
are  assigned  on  the  basis  cf  the  experience  cf  design  engineer. 
Subsequently  these  values  can  be  refined  acccrding  tc  formulas 
(11-28)  and  (11-30). 

Example  11-4.  Industrial  enterprise  obtains  electrical  power 
from  power  system  3  along  tka  line  110  kv  AE  (Eig.  11-7a). 
Distributive  point  D,  located  in  the  shop  of  enterprise,  is  connected 
to  the  busbars  10  kv  of  substation  110/1C  k?  by  the  cable  lines  CD. 

Page  259. 

The  consumed  in  the  shcp  reactive  power  in  the  moda/conditions  of 
maximum  composes  Hvar.  As  the  sources  cf  reactive  power  they  can 

be  used: 

1)  the  generators  cf  the  pcwer  system; 

2)  synchronous  motczs  cr  tne  type  SDN- 16-7 1-10  in  power  1600  kw. 
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4t> 

connected  to  the  busbars  BP  or  snop  (number  cf  engines  s=7)  ; 

3)  condenser/capacitor  bank  (KB) ,  connected  up  busbars  the  same 
GP  (number  of  sections  cf  Kc  as  accepted  equal  tc  tsc). 
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reactive  power  indicated  under  the  following  conditions: 

Synchronous  motors  are  utilized  exclusively  for  purposes  of  the 
compensation  for  reactive  pcwar  in  point/item  E  (value  cf  coefficient 
♦  -0). 


Cost  indices: 

chamber/camera  KRO  and  carle  ror  the  connection  of  KB  taking 
into  account  the  installaticn  works  -  2000  rut; 

regulator  of  the  excitation  of  synchronous  motcr  with  the 
eounting  -  500  rub; 

regulator  for  the  control  ct  sections  cf  KE  with  the  mounting  - 
400  rub. 

Specific  expenditures,  caused  by  the  expansion  cf  power  plants 
for  the  compensation  for  power  losses,  a=24lTC  rub/tld. 

Prime  cost  of  the  ccnsumpticn/producticn/generation  of 
electrical  energy,  switching  cn  expenditures  for  the  expansion  of  the 
fuel  resources,  fl=4, 96  ruc/a««n. 


i 
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Coefficient  of  patticip aticn  in  the  maxima  cf  power  system 
K--I. 

Coefficient,  which  considers  an  increase  in  the  cost/value  of 
electric  power  for  nets  ci  industrial  enterprise,  6=1.2. 

Annual  total  hours  of  utilization  of  a  maximum  cf  reactive  power 
T=603  0 . 

Number  of  hours  of  aaxiaua  losses  r= 4600. 

The  amounts  of  the  consumed  reactive  power  in  points/items  C  and 
D  and  the  values  of  the  rasistors/resist ances  of  the  elements/cells 
of  network/grid  with  respect  tc  vcitage  10  kV  are  shown  in  Fig. 

1 1-7b . 

Problem  can  be  solved  without  the  account  tc  the  cost/value  of 
the  generation  of  reactive  power  cs  the  power  plants  cf  system  and 
its  transmission  on  the  retwcr xs/giids  of  power  system. 
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fable  11-7.  Values  of  the  loss  tangent  of  capacitors/condensers. 


Co 

3  M  jfo  rotHrc.1  k 

^loMiuia.ihiioe 

ujirpuMcinre. 

IT# 

[3 )  Oe.iu'fiiHs  raiirciic*  >tju  norep* 

sr; - JsT - 

o6w  iiioc  ucnojt-  sKcnopTiioc  h  rpo- 

iietine  rwiecKoe  ucno4xenua 

KyCepnyxoBCKH#  aa- 
^  aoa  .KoHaenca* 

Top. 

<1.05 

.1.05 

>1.05 

0.0045  0.0035 

0.0035  0.003 

0,003  0.0025 

(  7)  yctb-KaMeHorop- 

<1.05 

0.0045 

ckhA  Konaeaca- 

j  >1.05 

0,0035 

tophuA  aaaoji 

Key:  (1).  Manufacturer.  (2).  Seminal  voltage,  kV.  (3).  Value  cf  loss 
tangent.  (4).  usual  performance.  (5).  expert  and  tropical 
performances.  (6) .  Serpuknov  plant  "Kondensatcr " .  (7) . 

Ust '-Kamenogorsk  c^ndenserycap acitor  plant. 


Fig.  11-7.  Diagram  for  example  11-4. 


Key :  (1)  .  Mbars. 
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Solution.  We  determine  the  measures  of  the  specific  costs  of  the 


DOC  =  90040312 


TAGE 


losses  of  electrical  energy  according  tc  formula  (10-13) 1  for  an 
annual  number  of  hours  ntn  respect  6000  and  4600: 

fr,  —  1.2  4.Go)  =  10.45  pyOISUmrHV  (0 

ft**l,3(~ras~  +  4,69) =  n'9  f,y<,/Mum  ,t-  ® 

Key :  (1 ) .  rub/BH*h. 


FOOTNOTE  t,  In  formula  (10-13)  to  designations  b*  and  b2  corresponds 
T.  ENDFOOTNOTE. 


Through  fable  11-4  and  11-5  tie  find  fcr  the 
cf  the  type  SDN-16-71-1C  of  the  amount  of  nominal 
0.82  Mvar  and  coefficients  cf  D**8. 55*10"3  SB  and 


synchronous  motcr 
reactive  pcwer  - 
D  2~  6.  63*10"  3  BH. 


ill 


On  ^able  10-14  ve  select  tne  sections  cf  RB  of  the  type  KU 
10-11  of  the  Ust'-Kamencccrs*  ccnaenser/capac itor  plant,  fcr  which 
specific  cost/value  composes  71CC  rub/Mvar.  The  loss  tangent  for 
these  capacitors/con dersers  is  determined  on  tables  11-7;  f=0.0035 
BW/Hvar . 


Tha  values  of  yearly  deductions  from  the  capital  investments  ve 
find  from  table  10-2;  fci  the  adjusters  -  0.2492,  fcr  capacitor  banks 


0.2222 
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The  components  cf  expenditures  for  KB  we  determine  from  formulas 

(11-26),  bearing  in  mica  that  it  is  connected  directly  in  point  D 

and,  therefore,  should  te  taken  as  y0  equal  tc  cce,  and  latter/last 

member  in  the  second  formula  equal  to  zero: 

3„  =  2- 0,2222 -2  000  +  0,2492  400  =  988  py6„  (U 
3, *-1(0^222  -  7  100+ 10,45 -0,0035 .6 000) +0=1  800  py6/Maap;(p) 

3;,  =  0, 

Key:  (1).  rub.  (2).  rut/Bvar. 


The  components  of  the  expenditures  during  the  transaissicn  of 

reactive  power  of  the  system  we  determine  frcm  formulas  (11-25),  in 

which  the  first  terms  must  mode  cf  life  they  are  accepted  equal 

bullet,  since  the  cost/value  cf  gansraticn  cf  reactive  power  cn  the 

power  plants  of  system  acccrdirg  tc  the  condition  of  an  example  is 

not  considered.  The  values  cf  coefficients  Ct  and  C2  are  determined 

frcm  formulas  (11-29)  taking  into  account  the  diagram  in  Fig.  1 1  — 7 b : 

c,  _  WL5  Q.06)  _  2  M  ,0.,; 

c. -24^-0 ,13  .,0-. 


Hence : 


Key:  (1)  .  rub/tlvar. 


3*,— 0; 

3n- 10.45  •  2,14  •  10~a  •  6  000=  I  340  py6/Meap.  (O 
3n-ll.9-0.l3- 10-»- 4  600  =  71,3  pyO/Meap*. 

(2).  rub/Hvar*. 
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The  components  cf  expenditures  for  the  engines  are  determined  on 
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formulas  (11-25),  in  whica  is  considered  the  cost/value  of  the 
generation  of  reactive/qet  power  (cost/value  cf  the  losses  of 
electrical  energy  in  the  engines),  and  the  cost/value  of  its 
transmission  takes  as  equal  tc  2erc,  since  engines  are  connected 
directly  in  point  D: 


3,i-7  •  0,2492  ■  500  -  872  py6.;  { \) 

I-I0.45-7  (8, 55-10-' +01-6000  . . . 

3,t  — - yToTao - +  0  =  655  prf/Mtap. 

l-ll,  9-7-6, 63-l0-*-460O 


(7-0,82)' 


+  0-77  py6/M**p. 


Key:  (1).  rub.  (2).  rut/Hvar. 


We  determine  frcm  formulas  (11-31)  the  optimum  amounts  cf  the 
reactive  power,  generated  fcy  each  sourca : 

for  the  generators  cf  the  power  system 


„  1800-1340 

Vi  = - 277|  .3 — -  —  3,27  Avar; 


for  synchronous  engines 


'  1800  —  655  _  JC  _ 

<?,— — jjj —  —  fivar. 


and  for  capacitor  bank 


DOC  =  90040312 
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Q.-5-3.27-7.45— 5,72  Avar. 


For  capacitor  bank  has  obtainad  negative  power  and  to 
establish/install  it  proves  tc  ta  economically  disadvantageously . 

Hemain  two  sources  of  reactive  power,  for  which  the  calculation 
should  bp  repeated  according  tc  formulas  (11-32): 

lb  is  determined  value  X: 


\z— 


2.s+i±2.+$ss 

2  5  +  7l.3 


7TT  +  7T 


I  380  pyO/Mtap. 


Key:  (1)  .  rub/Fivar. 


Hence  we  determine  tae  reactive  power,  transmitted  from  the 
system: 


_  I  380  —  1  340 

=  7T7T73 —  =  0,28  a »ar. 


and  generated  by  the  syncflrcncus  actors: 


1  380’—  655  .  „ 

— FT? — *4’72  evar. 


Thus,  most  economical  source  of  reactive  power  in  this  case  are 
synchronous  engines.  The  ainiaut  value  of  expenditures  we  determine 
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FAGE 


itf! 


from  formula  (11-24): 

3...-0+ 1  340  •  0.28+ 7 U  ■  0.28* +872  +  655  -  4.72+ 
+77,4  -  4,72*- 6  060  pyO. 
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During  the  complete  compensation  for  reactive  power  by  the 
synchronous  motors 

Q»- 0: 

Qi-5  Mtap  (0 

Key:  ( 1)  .  Hvar . 


and  the  values  of  expenditures  will  be  equal  tc: 


3-872+655-  5+  77,5*-. 6  070  E  UD  . 


He  verify  for  the  engines  satisfaction  of  condition  (11-33). 


Nominal  reactive  power  cf  seven  engines  is  equal  to? 


Qa— 7-0,82— 5,75  EVA. 


As  it  follows  from  table  1 1  —  5 #  this  power  can  be  provided  with 
the  full  load  of  engines  and  changes  in  load  voltage  within  the 
limits  of  0.95-1.05  rcaical  cnes.  Under  such  conditions  it  is  i 


possible  to  accept: 
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<?«.«-5,75  Evar. 

The  stability  of  tne  wcr*  c£  engine  with  normally 
mode/ conditio  ns  and  cos  *=1  is  provided,  and  it  is  possible  to 
accept: 

Q».<0. 

Since  daring  the  us*  of  an  engine  fcr  the  compensation  the 
generatable  power  can  vary  witnin  the  range  cf  0  to  5  Mvar,  the 
condition  (4-33)  is  satisfied: 

V5>Q«»>0. 


DOC  =  80040312 


F  AGE 


a^3 


Page  264. 


REFE3ENC  ES 

1.  ripaawia  ycrpoArrs*  3JiexTpoycT3HOBOK,  x3a-ao  c3Heprn«», 

1966k 

2.  P  .u  3  y  a  o  b  A.  A.  a  r.i  jjynoB  A.  A.,  3/iexTpHMecxHe  cern 
■  cacTeuu,  roc3HeproH3jar,  1960. 

3.  Byasio  H.  A.  a  Crenaiios  B.  H.,  SaeKTpu'iecxHe  jnmiin 
a  ecru  cMhcxoxoasHCTBeHHoro  ua3Hanenna,  Ce.ibxo3fH3.  1958. 

♦.  P»  Sxo  s  A.  51.,  dnexrpimecxiie  cerx  x  chctcmu,  roe3nepro- 
X3MT.  1959. 

5.  Apnaoi  H.  K.,  Paoier  ropoacxxx  3.ieKTpii'iecKHx  ceieft 
c  yaeTOM  peryaapyioiwix  ycrpoAciB,  hsx  MKX  PCOCP,  1957. 

6. Cep6HaoBcxnA  T.  B.  h  <t»eaocenKo  P.  51.,  SxeKTpnae- 
cxiie  narpyjKH  khjimx  ajaHxfi.  *3.ieKTpii'iecxne  ct3huhh»,  1966,  ,Vt  8. 

7.  BaaexHc  B.  C.  Be.iopyccoa  H.  H.  a  C  a  a  *  a  h  A.  E.. 
3fleKTp«MccKHe  k3<3wh,  npoaoaa  vt  uinypu.  CnpaBOMHHx,  rocawepro- 

ACapuaet  B.  M.  CnpasoiHHK  no  npoexTHposaHHio  soaayia- 
hux  xhhhA  3Jieirrponeptjaqn,  H3A.  MKX  PC®CP,  1958. 

9.  BpCHeHiiuc  yxaaaiiHa  no  pcryanpAiaHHio  Hanpawenxa  a  »xex- 
rpRaccxHx  ermx,  ma,  BTH  0PTP3C,  1966. 

10.  BpeMeiiiiue  pyxoanaamire  yxaaamta  no  onpene.iemixi  vieicrpn- 
aecKiix  narpyjoK  iipouuuMCiiiiu.v  iipeanpHa-riiA.  ruvancproMBaar,  1962. 

•II.  yKasaHHa  no  npoeKTHpoaaHHM  ropoacxax  jJiexipHaeexHx  ceTeA. 
BHyTpHKaapTa.ibHhie  snexTpHaeooie  ccth  Hanpawemte*  do  1 000  a 
b  ropoiax  h  nocejixax  ropoacKoro  thm.  rocyaapCTBeHHoe  H3aaTtnw:TBO 
no  cTpoHTCJibcTBy.  apxHTeaType  a  crpoHTMbHuvi  narepnajiaxi.  1961. 

12  Aaexceea  C  B.,  BaymuTeAii  H-A,  ^H<5ep- 
m  a  n  A.  51.  M  a  a  o  b  B.  C,  Pa  non  opr  M.  H.,  <Peaoroa  M.  M„ 
Xombkob  M  B.  n  U  a  p  e »  M.  H.,  CnpaBoamix  no  MexTpHneotHM 
cctbm  BbicoKoro  HanpdiKeHiiH,  rocaneproMsaaT,  1962. 

13.  CnpaaoMHHK  SHeprertma  npoMMUMeHH&ix  npejnpHXTxA  noa  06- 
weA  pex  A.  A.  <6eaoposa  (ra.  peaaxrop),  T.  B.  Cep6nncBCKoro  a 
51.  M.  Bo.ibuia.Ma,  r.  I,  roc3Heproa3aar,  1963. 

14.  MHdpyKTHBHbic  yKa3aiiHB  no  npoeKTnpooaHMO  aaexrporexMH- 
necxiix  npoMbiui3ieHHbix  ycTaKODOK.  TnwnpoM33ieKTponpoeKT,  1963.  !n  1. 
HonoaHeiiHB  H  paTbBCHCHRB  K  <BpeueHHbiM  pycoBoaxuHK  yiuoaHMM 
no  onpear-ienmo  anexTpimecxHX  narpy3ox  nponhiuLi«HKMx  npeanpxa-  , 
tmA». 

15.  JIhbuihu  JL  C,  Harpea  npoaoaHxxoa  a  jamara  npeaoxpa- 
HMTcanMH  a  ajiexrpocerax  ao  I  000  a.  ma-so  *3Hepnta»,  1967. 

1&  Cneaaxoa  n.  H.,  Bwfiop  craabHux  nonoc  a  xaaecrae  npo- 
ao.iHiixoB  3aHyx6KHB,  cTIpoMbiuMeHnan  jHepreraxa*,  1963,  M  I. 

17.  Kxoppxxr  T.  M.,  Bw6op  ocaerxTMWioft  apwaTypu  n  cno- 
cofla  npoaoaxH  a  ocaenrrt.ikHHx  cerax,  T  axnpoMa.iexTponpexT, 
<MHCTpyxTHSHbie  yxaaaHM*  no  npoexTHpoBamno  saexrpoTexHHnecxxi 
npoMuuiaeHHUX  yciaHosox*.  1963,  Ht  7. 

.  18.  Apxanoa  H.  K.,  Pewxn  aanpxmeax*  b  Mex-rpHnecxiix  pac- 
npeaeaHTenbHMX  cerax,  »3X  B33H,  1964. 

19.  CoaaaTXMaa  A.  A.,  Peryaxpoaaaiie  BanpaateHHa  a  ropoa- 
cknx  cerax,  asa-oo  €3Hepraa>,  1967. 

20.  rioapxoB  K.  M.,  PeryaxpoeaHHe  aanpaaceaxa  a  Mfxrpnqe- 
exax  cerax  ce.ibcxxx.  paAoHoa,  aaa-so  eSaepraa*,  1965. 

21.  3eakit6ypr  Jl.  M.,  SxoaoMHxa  MeKTpocHa6*eBBa  npo- 
MMiu.reniiux  npeanpHBTHft,  Bojiro-Barcxoe  naataoe  B3AaTWbCTao, 
1966 

22.  HaAi^eaba  *M.  P.  a  Cnemoi  n.  H.,  ConpoTHweHHB 
TpaHcifiopMaropoB  b  pewane  oaHOij»a3Horo  aauwxaHH*  a  cerax  aa- 
nonwetiHCM  ao  l  000  s,  «npOMbiQMeunait  3HeprcTHKa>,  1968*  ^  tl. 

23.  PaAaeabcxaA  A..  CnpasoaHw  no  ocaeniTeflkHWM  ee- 
ran,  naa-ao  «3Hepraa»,  1968. 


